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FOURTH  down!  Seconds  to  play!  De- 
fending a  slender  one-point  margin 
of  victory,  eleven  husky  bodies  have 
valiantly  repulsed  three  smashing  at- 
tacks which  have  advanced  the  ball  a 
scant  foot  to  the  fifteen-yard  line. 
With  success  almost  certainly  within 
the  defenders'  grasp,  the  field  goal 
specialist  drops  far  back  behind  his 
stalwart  line.  A  crashing  impact  —  a 
blur  of  rushing  bodies  —  and  his 
nimble  foot  sends  the  ball  spinning 
high  between  the  goal  posts  for  the 
winning  points! 

Shift  this  scene  to  a  battle  ground  of 
modern  business.  The  goal  is  an  im- 
portant contract  ...  a  substantial 
order  for  electrical  equipment  or  ap- 
pliances.   Salesmanship,   backed   by   a 


product  of  established  quality,  plays 
its  important  part;  but  a  Westinghouse 
representative  is  more  than  a  salesman. 
The  background  of  specialized  engi- 
neering knowledge  that  so  often  en- 
ables him  to  serve  his  customers  as  a 
consultant  in  electrification,  is  what 
supplies  the  necessary  "punch"  to  win. 
To  many  a  younger  college  man 
with  Westinghouse  has  come  the  op- 
portunity to  apply  his  talent  toward 
the  conclusion  of  a  worthwhile  trans- 
action. The  young  men  whose  photo- 
graphs appear  on  this  page  are  but  a 
few  of  many  who,  with  college  only  a 
few  years  behind  them,  are  finding 
success  with  an  organization  offering 
such  a  variety  of  opportunities  in  the 
world's  electrical  work. 


H.  B.  VIDAL, 

Central  Station  Sales, 

Niagara  Falls.  N.Y. 

Uniteriity  0/ 

Colorado,  '22 


H.J.  KON GABLE, 
Udtutrial  Sales. 
Tulsa,  Oklahoma, 

Otla.  A.  &  M.,  ■27 


Below  arc  listed  a  few  nf  the  many  important  jobs  handled  by  Westinghouse 
in  recent  years,  wherein  younger  college  men  have  played  important  parts: 
Lighting  of  the  BarceUmu  Exposition.  Barcelona,  Spain  .  .  .  Hydro-Electric  Gen- 
erators, Connuingo  Station,  Philadelphia  Electric  Company  .  ..  Plant  Electrifi- 
cation, Maine  Seaboard  Paper  Co. 

Westinghouse 


F.  H.  STOHR. 
Headquarters  Sates, 
Univ.  of  Iowa  '22 
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Cupolas  controlled  from 
the  laboratory 

White  hot  rivers  of  metal,  pouring  from  big  cupolas  in  Crane 
foundries,  are  even  more  thoroughly  analyzed,  more  care- 
fully watched,  than  the  drinking  water  pouring  from  a  faucet 
in  a  well-ordered  city. 

Because  correct  chemical  ingredients  in  valve  metals  are  as 
essential  to  absolute  safety  and  right  functioning  of  a  piping 
installation  as  pure  water  to  human  health,  Crane  Co.  main- 
tains laboratory  control  of  cupolas. 

This  means  that  experts  in  the  metallurgical  and  physical 
testing  of  metals  are  responsible  for  the  quality  of  every  valve 
and  fitting  turned  out.  It  means  that  tensile  strength,  yield 
point,  elongation,  and  reducdon  of  area  of  test  bars  taken 
every  hour  of  the  day's  run  are  known  to  laboratory  and 
cupola  chemists.  It  means  that  constantly,  as  the  metals  pour 
out,  the  proportion  of  silicon,  manganese,  carbon,  phos- 
phorus, calcium,  pure  iron,  are  known  and  uniformly  main- 
tained. It  means  immediate  correction  of  any  variation  and 
rejection  of  faulty  materials. 

From  specifications  of  raw  materials  to  final  installation.  Crane 
Co.  knows  its  products  and  what  they  will  do.  How  Crane 
Co.  developed  the  background  for  this  knowledge  makes  an 
absorbing  story.  It  is  titled  Pioneering  in  Science.  You  are 
cordially  invited  to  send  for  your  copy.  Aside  from  its  inter- 
est, you  will  find  it  a  splendid  reference  book  on  the  reactions 
of  metals  to  high  temperatures  and  pressures. 


Fah', 


*CRAN  E' 

PIPING   MATERIALS  TO  CONVEY  AND  CONTROL  STEAM.   LIQUIDS,  OIL.  GAS,  CHEMICALS 

CRANE  CO.,  GENERAL  OFFICES:  836  S.  MICHIGAN  AVE.,  CHICAGO 
NEW  YORK  OFFICES:  23  WEST  44TH  STREET 
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Illinois'  Only  Co-operative  Book  Stores 


Engineering  Supplies 


4 

T 


Engineers,  architects,  architectural  engineers 
and  artists  find  these  stores  completely  equipped 
with  all  the  materials  needed  to  do  a  better  class 
of  work.  Now  in  our  tenth  year  of  service  we  are 
striving  to  ser\  e  you  e\  en  better  than  e\  er  before. 


You  will  profit  by  getting  all  your 
supplies  the  Co-operative  way 
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Ground  Control  of  the  Aerial  Map 
of  the  Missouri  River 


Joe  Tiffaxv  ex'31 


OF  GREAT  interest  to  the  people  of  the  middle 
west  is  the  passage  of  the  Rivers  and  Harbors  bill 
through  Congress  and  its  later  approval  by  Presi- 
dent Hoover.  This  bill  authorizes  the  expenditure  of 
more  than  one  hundred  million  dollars  for  the  work  of 
narrowing  and  deepening  the  channels  of  the  inland 
waterway  system,  composed  chiefly  of  the  Mississippi  and 
its  larger  tributaries,  the  Missouri,  the  Ohio  and  the  Illi- 
nois. This  bill  is  the  result  of  several  decades  of  diligent 
work  by  prominent  men  in  the  middle  west  who  have 
protested  against  the  condition  whereby  freight  rates 
from  coast  to  coast  have  been  less  than  from  the  central 
part  of  the  country  to  either  coast.  The  solution  of  the 
problem  is  the  construction  of  an  inland  water  system 
which  will  allow  the  passage  of  steamboats  from  New 
Orleans  to  St.  Lotus,  up  the  Missouri  to  Kansas  City, 
Omaha,  and  Sioux  City,  the  Ohio  to  Cincinnati  and 
Pittsburgh,  or  the  upper  Mississippi  to  Minneapolis  and 
St.  Paul.  Barge  rates  are  notably  lower  than  rail  rates, 
and  it  is  even  thought  that  when  water  transportation  is 
realized  rail  rates  will  have  to  be  reduced  in  order  for  the 
railroads  to  compete. 

This  article  is  chiefly  concerned  with  sur\eying  for 
the  ground  control  for  the  aerial  map  of  the  Missouri 
River  to  be  made  this  fall.  But  in  order  that  this  sub- 
ject may  be  made  more  easily  imderstandable,  a  very 
brief  discussion  will  be  given  of  the  Missouri  River,  the 
work  being  done  on  it,  and  methods  for  controlling  it, 
followed  by  a  short  explanation  of  the  method  used  in 
the  Kansas  City  office  of  mapping  from  aerial  photo- 
graphs. 

The  Missouri  River  is  a  notably  wild  and  unruly 
stream.  It  winds  its  crooked  way  through  a  wide  soft 
valley  from  its  source  in  Montana  to  its  mouth  about 
15  miles  above  St.  Louis,  no\V  flowing  smoothly  and 
evenly,  confining  itself  to  a  channel  of  a  few  hundred 
feet  in  width,  now  spreading  out  to  a  shallow  stream  a 
mile  or  more  in  width,  with  hundreds  of  constantly 
shifting  sandbars.  At  some  places  in  the  river  it  is  al- 
most impossible  to  pick  a  channel  to  float  a  large  launch, 
while  at  other  places  depths  of  50  or  even  75  feet  have 
been   sounded.     Chief   among  the   characteristics  of   tlu- 


Missouri  is  its  muddiness,  and  it  is  this  very  condition 
that  is  taken  advantage  of  in  its  control.  The  constant 
change  of  location  of  the  channel  has  been  a  source  of 
much  grief  to  owners  of  land  along  its  banks.  A  rough 
calculation  made  about  two  years  ago  placed  the  average 
loss  of  land  by  cutting  of  the  Missouri  River  at  about  43 
acres  per  mile  of  river  per  year. 


Thi-  conlriil  I'dily.  s,  i  up  ,il 


,tinJiiiy  Irianijulalion  station 


Control  of  the  Missouri  is  in  the  hands  of  the  War 
Department  of  the  United  States.  The  United  States 
Engineer  office  in  Kansas  City,  Missouri,  which  is  re- 
sponsible to  the  division  office  in  St.  Louis,  is  in  direct 
charge  of  the  work.  For  4t)  years  or  more  there  has  been 
a  more  or  less  haphazard  attempt  to  control  the  Missouri, 
but  the  work  has  been  widely  scattered  both  in  location 
and  time,  with  lack  of  appropriations  from  Congress  en- 
tirely stopping  work  at  times.  It  has  only  been  in  the  last 
\e\\'  years  that  any  concentrated  plan  for  controlling  the 
river  throughout  its  entire  length  has  been  attempted. 
Work  has  been  done  so  rapidly,  however,  that  the  river 
below  Kansas  City  is  promised  to  be  ready  for  barges  by 
the  fall  of  1931,  and  construction  is  well  under  way  be- 
tween Kansas  City  and  Sioux  City. 

As  stated  above,  the  silt  carried   bv  the  Missouri  is 
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used  in  its  control.  Obviously  the  more  rapid  the  current 
the  more  sediment  is  carried  by  the  stream,  and  if  the 
current  can  be  retarded  some  of  the  silt  will  be  deposited, 
causing  a  fill.  Where  it  is  desired  to  narrow  the  channel 
by  accretion,  a  series  of  dikes  are  built.  A  dike  is  little 
more  than  a  lon<!;  row  of  piles  dri\en  into  the  river  bed, 
arranged  in  dumps  of  three  piles  each  at  about   IS   foot 


A   high   mast   liki-  this  is  erected  over  every  secondary 
station  alonij  tlie  river 


centers,  well  tied  together  with  stringers.  The  dike  is 
built  perpendicular  to  the  bank  and  causes  the  current  to 
be  slowed  down,  and  a  deposit  of  mud  and  sand  is  the 
result.  Where  it  is  desired  to  keep  the  river  from  cutting 
away  the  present  bank,  a  revetment  of  a  thickly  woven 
lumber  or  willow  mattress  is  laid  and  ballasted  with 
rock.  Dikes  and  revetment  are  the  two  chief  devices 
used  for  controlling  rivers  such  as  the  Missouri. 

For  the  past  few  years  the  river  has  been  mapped  at 
intervals  of  about  two  years.  This  fall  a  map  will  be 
made  from  Kansas  City  down  to  the  mouth  which  will 
cover  the  river  and  its  valley  from  bluff  to  bluff,  which 
means  that  an  area  about  400  miles  long  and  from  two  to 
ten  miles  wide  must  be  mapped. 

Since  1926  the  Missouri  has  been  mapped  from  aerial 
photographs,  and  it  has  been  found  that  this  method  is 
much  more  economical  and  speedy  than  the  old  method 
of  ground  surveying.  The  taking  of  the  pictures  is  done 
under  contract  by  commercial  aerial  photographers  and 
the  work  of  making  the  map  from  the  photographs  is 
done  by  the  aerial  mapping  section  of  the  Kansas  City 
office,  under  the  direction  of  Mr.  H.  L.  Lowe. 

The  area  to  be  mapped  is  covered  by  a  series  of  over- 
lapping straight  flights  of  pictures.  The  successive  photo- 
graphs in  each  flight  are  required  to  have  an  overlap  of 


•It  least  two-thinls  and  the  flights  are  so  laid  out  that 
there  is  plenty  of  overlap.  Skillful  flying  on  the  part  of 
the  pilot  is  absolutely  necessary  since  the  flights  must  be 
almost  exactly  straight  and  the  plane  at  all  times  level. 
Any  tilting  of  the  plane  tilts  the  plane  of  the  photo- 
graph, causing  distortion.  The  pictures  arc  taken  at  an 
altitude  of  14,000  feet  with  a  camera  whose  focal  length 
is  U)  inches,  so  that  the  scale  of  the  photographs  is  1,400 
feet  to  the  inch. 

The  finished  photographs  are  sent  to  the  Kansas  City 
office  and  the  work  of  making  the  map  is  started.  The 
flights  are  separated  and  the  topography  covered  by  each 
one  is  traced  through  onto  a  piece  of  "onion  skin,"  a  very 
transparent  paper. 

It  can  be  seen  now  that  while  each  one  of  these  bits 
of  onion  skin,  representing  the  topography  in  one  par- 
ticular stretch  is  a  complete  map,  the  problem  remains  of 
tying  these  together  to  show  the  proper  relations  between 
the  many  flights  and  to  properly  orient  them  with  re- 
spect to  towns,  railroads  and  other  topographical  features. 
In  order  to  accomplish  this  a  system  of  co-ordinates  has 
been  adopted.  A  triangulation  station  shortly  below 
Weston,  Missouri,  has  been  chosen  as  the  zero  of  co- 
ordinates, and  all  points  are  referred  to  Weston  for  loca- 
tion. A  point  near  Brunswick,  Missouri,  for  instance,  is 
500,000  feet  east  and  10,000  feet  north  of  Weston.  Now 
it  is  apparent  that  if  the  coordinates  of  various  points 
appearing  on  the  photographs  are  accurately  known,  these 
points  can  be  used  for  controlling  the  location  of  the 
entire  flight.  The  purpose  of  the  survey  work  with 
which  the  writer  is  connected  is  to  locate  various  well- 
chosen  points  on  the  ground  and  do  the  proper  field  work 
so  that  their  locations  can  be  computed  in  the  office. 

After  the  work  of  interpreting  the  photographs  and 
tracing  all  the  topography,  even  to  the  last  lone  tree,  is 
finished,  the  flights  can  be  tied  together  to  make  a  pre- 
liminary map  on  what  is  called  the  "work  sheet."  These 
work  sheets  are  thick  cloth-backed  sheets  of  paper  previ- 
ously treated  with  water  to  shrink  them  so  that  there 
will  be  no  change  of  scale  of  the  map  from  shrinking  or 
stretching  due  to  weather  conditions.  On  this  sheet  is 
laid  out  the  grid  system  of  coordinates,  with  a  line  drawn 
for  each  10,000  feet  in  each  direction.  The  scale  of  the 
finished  map  is  2,000  feet  to  the  inch,  so  that  these  grid 
lines  are  five  inches  apart.     Then  the  locations  of  all  the 


Dikes  near  I.exini/ton,  Mo.,  and  tlie  sandbars  tliey  have  built  up 

points  used  for  control,  whose  coordinates  are  known, 
are  scaled  on  the  sheet  and  marked.  The  locations  of 
triangulation  stations,  bench  marks,  and  section  corners 
are  also  put  on  in  this  way. 

The  next  job  is  that  of  transferring  the  topography 
from  the  control  sheets  to  the  work  sheets.  An  instru- 
ment called  the  pantograph  is  used  for  this.  The  panto- 
graph is  composed  of  four  steel  bars  in  the  form  of  a 
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parallelogram,  with  a  movable  joint  at  each  corner.  One 
joint  is  connected  by  a  bail  and  socket  joint  to  a  heavy 
base  which  prevents  any  shifting  of  the  entire  machine. 
At  the  end  of  one  of  the  parallel  bars  is  a  vertical  tracing 
needle,  and  on  another  of  the  bars  is  a  vertical  pencil. 
The  positions  of  the  needle  and  the  pencil  are  mathe- 
matically computed  so  that  any  movement  of  the  tracing 
needle  causes  a  similar  movement  of  the  pencil.  The  line 
made  by  the  pencil  is  exactly  similar  to  that  traced  by  the 
needle  but  is  to  a  different  scale.  The  ratio  of  the  scales 
can  be  changed  within  a  wide  range  by  sliding  the  pencil 
along  its  bar  and  adjusting  the  lengths  of  two  of  the 
parallel  bars. 

By  orienting  the  control  sheet  in  such  a  manner  with 
respect  to  the  work  sheet  that  when  the  needle  is  over 
the  position  of  the  points  used  for  control  the  pencil  is 
over  the  same  points  on  the  work  sheet,  all  the  topogra- 
phy between  the  points  can  be  pantographed  onto  the 
work  sheet  to  the  desired  scale  of  the  finished  map.  The 
various  control  sheets  are  successively  pantographed  until 
the  entire  region  is  mapped.  Following  this  process  a 
cloth  tracing  of  the  sheet  is  made,  and  from  this  blue 
prints,  ozalids,  primulins,  or  Van  Dyke  negatives  for 
making  blue  line  prints  on  white  can  be  made. 

It  can  readily  be  seen  that  the  entire  work  of  makin;; 
the  map  depends  on  having  the  accurate  locations  of  many 
points  which  appear  on  the  photographs.  Previous  to  thi; 
year  these  locations  were  scaled  off  a  large  map  made 


Fuju 


from  a  ground  survey  of  the  river  made  between  189(J 
and  1895.  The  system  of  grids,  although  adopted  only  a 
few  years  ago  was  placed  on  this  map,  and  as  many 
points  as  could  be  identified  on  the  pictures  were  scaled. 
For  several  reasons  this  was  not  very  satisfactory.  First, 
there  have  been  so  many  changes  in  the  locations  of  rail- 
roads, road  intersections  and  the  like  in  the  last  40  years 
that  it  has  been  more  and  more  difficult  to  find  enough 
points  to  control  the  map.  Then  is  was  found  that  in 
some  points  there  were  large  errors  in  the  1890  map 
which  made  the  work  of  the  pantograph  operator  a  night- 
mare. Also  the  1890  map  covered  an  area  much  less 
than  that  to  be  covered  by  the  bluff-to-bluff  map  to  be 
made  this  year,  so  that  if  it  were  the  only  source  of 
control  many  sections  of  the  map  would  be  left  without 
a  means  of  tying  them  together  properly.  So  this  summer 
authority  was  granted  for  a  complete  survey  for  the  pur- 
pose of  getting  control  points  for  the  map. 

The  work  was  under  the  supervision  of  R.  P. 
Spencer,  assistant  engineer  in  charge  of  the  survey  section, 
with  Jack  A.  Gardner,  chief  of  all  the  field  parties,  in 
direct  comniaml.  Five  parties  were  organized,  four  of 
five  men  each  and  the  fifth  of  about  ten. 

The  work  of  the  large  party  was  in  the  nature  of  a 
reconnaissance  and  preparation  for  the  other  parties. 
This  party,  under  George  Davis,  had  the  task  of  locating 
and  flagging  all  the  triangulation  points  of  the  net  cover- 


ing the  entire  length  of  the  river  which  had  been  run  in 
about  1885.  Many  of  these  points  had  been  buried, 
moved,  or  dug  up,  or  had  not  been  used  for  so  many 
years  that  their  locations  were  forgotten,  and  it  was  no 
easy  task  to  find,  replace,  and  in  places  entirely  recon- 
struct the  original  triangulation  net. 

The  other   four   parties   followed   the   reconnaissance 
crew,  doing  the  actual  surveying.     The  map  of  the  river 
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Figure   2 

below  Kansas  City  is  divided  into  31  sheets,  numbering 
from  the  mouth  up,  and  the  parties  were  assigned  two 
to  a  sheet,  the  two  groups  at  times  working  together,  at 
times  one  on  each  side  of  the  river,  especially  the  latter 
when  too  far  from  a  bridge  to  make  a  quick  crossing. 
The  equipment  given  each  party  was  very  complete.  This 
included  a  new  six-cylinder  Chevrolet  truck  with  a 
special  body  well  adapted  to  surveying  use,  a  new  Buff  & 
Buff  transit  reading  to  20  seconds,  plane  table,  chain, 
pins,  stadia  board,  axes,  corn  knives,  tools,  etc.  Any  sup- 
plies that  were  needed  were  purchased  by  the  chief  of 
party  and  the  bill  sent  to  the  office  for  payment.  Our 
party  consisted  of  Steve  Christoff,  a  navy  veteran  with  an 
eagle  eye,  who  ran  the  plane  table,  the  use  of  which  will 
be  discussed  later;  Joe  St.  Clair,  whose  official  capacity 
was  recorder,  but  who  in  addition  ran  the  transit  or 
changed  with  Steve  to  run  the  plane  table;  Frank  Mc- 
Curdy,  an  undergraduate  at  Kansas  State  Agricultural 
College,  and  M.  T.  Walker,  a  former  highway  man, 
chainmen  and  general  all-around  man.  The  three  chief 
jobs  were  usually  rotated  every  few  days  so  that  no  one 
task  became  monotonous  and  any  of  the  three,  Steve,  Joe, 
or  the  writer  was  able  to  perform  any  of  the  duties  of 
the  work. 

The  foundation  for  all  the  surveying  was  the  net 
of  triangulation  points  which  extends  along  the  bluffs 
on  both  sides  of  the  river  throughout  its  length.     These 


Figure  3 

points  are  marked  by  a  regulation  triangulation  pipe  four 
inches  in  diameter,  set  vertically  in  a  stone  of  regulation 
size.  The  exact  position  of  the  point  is  marked  by  a  pin 
hole  in  the  center  of  a  raised  triangular  piece  of  metal  on 
top  of  the  pipe.  This  net  of  triangulation  was  established 
in  somewhat  the  following  manner.     Referring  to  figure 
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1,  the  Icttcii'!.!  points  n'prcsi'iit  the  positions  of  triangula- 
tion  stations.  A  and  H  were  first  located  in  such  a  posi- 
tion that  they  arc  intervisible.  The  distance  between 
them  is  chained  with  extreme  accuracy,  account  beinfj 
taken  of  temperature  anil  other  weather  conditions,  pull 
on  the  tape,  and  all  other  factors  which  nu'fiht  influence 
the  accuracy  of   the  measurement.       Then   C   and    1)   ;ire 
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located  so  that  at  any  of  the  four  stations  A,  B,  C,  D,  all 
the  other  three  can  be  seen,  and  so  that  at  C  and  D  the 
future  points  E  and  F  can  be  seen.  E  and  F  are  located 
so  that  C,  D,  and  the  future  points  G  and  H  can  be 
seen,  and  so  on.  Then  the  transit  is  set  up  at  A  and 
the  angles  C  to  D,  D  to  B,  and  B  to  C,  reading  clock- 
wise, arc  read.  Setting  up  at  B,  the  angles  A  to  C,  C  to 
D,  and  D  to  A  are  read.  Each  station  is  successively 
occupied  and  all  the  possible  angles  are  read.  Angles  are 
usually  repeated  about  six  times  clockwise,  the  telescope 
transited  and  the  angle  read  the  same  number  counter- 
clockwise. This  allows  12  repetitions  of  the  angle,  anti 
compensates  for  any  maladjustment  of  the  instrument.  A 
maximum  error  of  closure  of  about  three  seconds  per 
angle  is  allowed  both  in  closing  horizons  and  triangles. 

With  the  distance  A  to  B  known  and  all  the  angles 
known,  the  sides  AD  and  BC  can  be  computed.  With 
either  of  these  sides  and  the  angles  in  the  next  triangles, 
ACD  or  ABD,  CD  can  be  computed.  At  intervals 
other  base  lines  are  chained  and  any  error  found  is  pro- 
rated throughout  the  net  back  to  the  last  base  line.  In 
this  manner  the  net  is  continued  and  the  exact  positions 
of  all  the  stations  can  be  computed,  as  well  as  the  true 
azimuth  between  any  two  of  them.  These  locations  have 
all  been  computed  with  respect  to  the  coordinate  system 
previously  explained. 

In  order  that  these  stations  may  be  seen  from  long 
distances,  each  one  is  flagged  by  the  party  imder  Davis. 
The  accompanying  photograph  shows  the  flag  over  the 
station  named  White  Rock,  near  Miami  Station,  Mis- 
souri. Most  of  the  flags  are  made  of  masts  30  to  40  feet 
high,  with  two  diamond-shaped  targets  about  four  feet 
square,  placed  at  right  angles  near  the  top  of  the  mast. 
A  pole  12  feet  long  with  waving  red  and  white  flags  is 
placed  above  this.  The  masts  are  held  by  fom-  or  eight 
guy  wires. 

Many  of  the  towns  along  the  Missouri  have  high 
water  tanks  which  are  visible  for  20  to  25  miles  and  are 
much  easier  to  see  on  hazy  days  than  the  triangulation 
masts.     These  are  made  into  triangulation   points  which 


can  be  useii  for  e\ery  purpose  other  i)oints  are  used  for 
except  that  a  transit  cannot  be  set  up  on  them.  Referring 
again  to  figure  1,  E,  I*',  and  H  are  three  regular  stations 
from  which  the  water  tower  can  be  seen.  By  setting  at 
V.  and  measuring  the  angle  water  tower  to  G,  setting  up 
at  F  and  measuring  the  angle  E  to  water  tower,  and 
lin.illy  setting  up  at  H  and  measuring  the  angle  E  to 
water  tower,  the  position  of  the  water  tower  can  be 
comi)uted  from  the  known  position  of  E,  F,  and  H  and 
the  angles  read.  The  party  under  Davis  had  the  addi- 
tional duty  of  cutting  in  all  water  towers  so  that  the 
parties  following  could  use  them. 

The  control  points  to  be  located  were  chosen  approxi- 
mately by  the  office  force.  Their  locations  were  selected 
so  as  to  completely  control  the  flights  as  laid  out  by  the 
aerial  mapping  section.  In  general  the  points  consisted 
of  prominent  road  intersections  or  bridges,  with  an  occa- 
sional corner  of  a  large  outstanding  building  used  if  there 
was  no  better  topographical  feature  near.  The  points 
were  chosen  at  intervals  of  not  more  than  a  mile  in  a 
north-south  line,  and  the  lines  were  two  or  three  miles 
apart.  In  many  cases  in  order  to  tie  in  the  flights  the 
lines  had  to  be  run  five  miles  or  more  back  of  the  first 
line  of  bluffs.  The  points  were  given  the  number  of 
the  map  sheet  on  which  they  appeared,  followed  by  a 
dash,  then  an  individual  number.  The  point  26-41  meant 
that  the  point  was  on  sheet  26  and  was  number  41  on 
that  sheet.  Odd  numbers  were  used  for  points  on  the 
right  bank,  facing  downstream,  and  even  numbers  for 
points  on  the  left  bank.  A  sketch  and  description  of  each 
point  and  the  vicinity  served  to  identify  the  point. 

The  plane  table  was  used  as  a  further  means  of 
identifying  the  points  so  that  they  could  be  located  on  the 
photographs  this  fall,  and  also  helped  the  field  party  to 
verify  its  location  on  the  map.  Each  party  was  given 
prints  of  the  1928  map  of  the  river.  By  tacking  these 
sheets  on  the  table,  orienting  by  needle,  and  resecting 
from  three  triangidation  stations,  the  location  of  the  table 
can  be  spotted  acciuately  on  the  map.     In  addition  to  this 


Figure 


service  the  plane  table  man  was  required  to  make  a  map 
of  the  line  of  control  points,  in  places  that  the  1928  map 
did  not  cover,  and  to  check  and  add  to  the  topography 
that  was  shown  on  the  map  sheet.  All  the  topography 
within  a  distance  of  about  1,000  feet  on  each  side  of  the 
line  was  mapped.  The  features  were  located  by  stadia 
shots,  intersection,  or  by  sketching. 

The   locations   of   most   of    the   control   points   were 
gotten    by   triangulating.      Very    few   were   surveyed    by 
(ConlinueJ  on  Paye  30) 
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Introduction 

THE  primitive  civilization  of  Chaldaea,  like  tliat  of 
Egypt,  was  cradled  in  a  great  alluvial  basin,  in 
which  the  land  was  built  up  by  the  long  continued 
deposits  of  river  mud.  In  the  valley  of  the  Tigris  and 
the  Euphrates,  as  in  that  of  the  Nile,  it  was  in  the  great 
plains  near  the  ocean  that  the  inhabitants  first  emerged 
from  barbarism.  As  the  ages  passed,  this  culture  crept 
up  the  streams,  and  just  as  Memphis  was  older  by  many 
centuries  than  Thebes,  in  dignity  if  not  in  actual  experi- 
ence, so  Ur  and  Larsam  were  older  than  Habylon,  and 
Babylon  than  Nineveh.  The  manners  and  beliefs,  the 
arts  and  the  written  characters  of  Egypt  were  carried  into 
the  farthest  recesses  of  Ethiopia,  partly  by  commerce  but 
still  more  by  military  invasion;  so  too,  Chaldaic  civiliza- 
tion made  itself  felt  at  vast  distances  from  its  birthplace, 
the  shores  where  the  fish-god  Oannes  showed  himself  to 
the  fathers  of  the  race,  and  taught  them  all  things  good 
and  wise.'  In  Egypt,  progressive  development  took  plac' 
from  north  to  south,  while  in  Chaldaea  its  direction  was 
reversed.  Thus  the  orientation  of  the  two  basins  is  in 
opposite  directions,  but  in  each,  the  spread  of  religion 
with  its  rites  and  symbols,  of  written  characters  witli 
their  adaptation  to  different  languages,  and  of  all  those 
arts  and  processes  which,  when  taken  together,  make  up 
what  we  call  civilization,  advanced  from  the  seaboard  to 
the  river's  source. 


In  these  two  countries,  man  seems  to  have  been 
awakened  to  his  innate  power  of  bettering  his  condition 
by  well  directed  observation,  by  elaboration  of  laws,  and 
by  forethought  for  the  future.  Between  Egypt  on  the 
other  hand  and  Chaldaea,  with  Assyria,  which  was  no 
more  tlian  its  off-shoot  and  prolongation,  on  the  other, 
there  are  strong  analogies,  but  there  are  also  many  dif- 
ferences, as  we  shall  see. 

*     *     S:     *     *     * 

A  great  deal  of  confusion  has  arisen  concerning  the 
nomenclature  of  the  Mesopotamian  district.  There  is  no 
reason  to  believe  that  the  term  Chaldaea  had,  at  any 
time,  the  extensive  signification  of  Mesopotamia. 
Chaldaea  was  not  the  whole,  but  a  part,  of  the  Mesopo- 
tamian plain,  which  was  bounded  on  the  south  by  Arabia 
and  the  Persian  Gulf,  on  the  west  by  Syria,  on  the  north 
by  Armenia,  on  the  northeast  by  Media,  and  on  the 
southeast  by  Persia.  Chaldaea  lay  in  the  south  and  west 
of  this  region  and  constituted  Lower  Mesopotamia,  while 
Assyria  lay  in  the  north  and  formed  I'pper  Mesopotamia. 

Even  when  Chaldaea  became  nominally  a  province  of 
Assyria,  the  two  nationalities  remained  distinct.  Chaldaea 
was  older  than  Assvria.  Tlie  centers  of  her  civil  life 
were  the  cities  built  upon  the  alluvial  plain  between  the 
tliirty-first  and  thirty-third  degree  of  latitude.  The  most 
famous  of  these  cities  was  Babylon.  Those  whom  we 
shall  call  Assyrians,  a  people  who  rose  to  power  in  the 
northern  mountains  at  a  much  more  recent  date,  drew 
the  seeds  of  civilization  from  their  more  precocious 
neighbors. 
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Religion-  in  Mesopotamiax  Sculpture 

Chaldaea  has  left  us  neither  monuments  of  sacerdotal 
theology  like  those  we  have  inherited  from  Egj'pt,  nor 
the  brilliant  imagery  in  which  the  odes  and  epics  of  the 
Greeks  sketched  the  personalities  of  the  gods.  However, 
we  do  know  something  of  the  religious  rites  and  beliefs 
of  the  nations  which  inhabited  Mesopotamia. 

To  the  earliest  inhabitants,  the  Accadians  or 
Sumerians,  the  whole  universe  was  peopled  by  a  vast 
crowd  of  spirits,  some  dwelling  in  the  depths  of  the 
earth,  some  in  the  sea,  while  others  floated  on  the  wind 
and  lighted  in  the  sky  the  fires  of  the  day  and  night. 
Some  were  beneficent  and  others  the  reverse,  while  a 
third  class  was  helpful  or  mischievous  according  as  it 
was  propitiated  by  offerings  or  irritated  by  neglect. 

Fear  was  the  ruling  sentiment,  as  it  is  in  all  religions 
in  which  a  belief  in  spirits  finds  place.  The  habitual 
feeling  was  one  of  disquietude,  we  might  almost  say  of 
terror,  so  that  when  the  imagination  endeavored  to  give 
concrete  forms  to  the  beings  in  question,  it  figured  them 
rather  as  objects  of  fear  than  of  love  (Fig.  1).  It  is 
thus  that  the  numerous  figures  of  demons  found  in 
Chaldaea  and  Assyria,  sometimes  in  the  bas-reliefs,  and 
sometimes  in  the  shape  of  small  bronzes  and  terra  cottas, 
are  accounted  for.  A  hviman  body  is  crowned  with  the 
head  of  an  angry  lion,  with  dog's  ears  and  a  horse's  mane ; 
the  hands  brandish  poignards,  the  feet  are  replaced  by 
those  of  a  bird  of  prey,  the  extended  claws  seem  to  grasp 
the  soil. 

This  belief  in  spirits  is  the  second  phase  that  tht: 
primitive  religion  of  "fetichism"  or  "animism"  has  to 
pass  through.  In  the  beginning  mere  existence  is  con- 
founded with  life.  All  things  are  credited  with  a  sou! 
like  that  felt  by  man  within  himself.  Such  lifeless 
objects  as  mountains,  trees  and  rivers  are  worshipped. 
Childish  as  it  seems,  the  worship  of  spirits  is  at  least  an 
advance  upon  this  form  of  belief.  It  presupposes  a 
certain  power  of  reflection  and  abstraction  by  which  men 
are  led  to  conclude  that  intelligence  and  will  are  not 
necessarily  bound  up  with  a  body  that  can  be  seen  and 
touched.  Life  has  been  mobilized,  and  thus  we  arrive 
at  "polydemonism"  ;  by  which  we  mean  the  theory  that 
partitions  the  government  of  the  world  among  a  crowd  of 
genii  who  are  more  powerful  than  man.  The  worsliip 
of  stars  is  but  one  form  of  this  religions  conception.  The 
great  luminaries  of  day  and  night  are,  of  course,  invested 
with  life  and  power  by  men  who  feel  themselves  in  such 
complete  dependence  upon  them. 

Chaldaea  and  Assyria  followed  the  example  of  Egypt 
iti  mixing  the  forms  of  men  with  those  of  aiu'mals  in 
their  sacred  statues.  It  was  not  only  the  inferior  genii 
which  were  represented  in  such  fashion.  When  by  the 
development  of  religion,  the  nudtitude  of  spirits  had  been 
placed  under  the  supremacy  of  a  small  number  of  superior 
beings,  those  whom  we  may  call  sovereign  gods  were 
often  figured  with  the  heads  of  lions  or  eagles.  Thus 
the  fish-god  Oannes  or  Dagon,  who  sowed  the  germs  of 
art  and  letters  upon  the  earth,  had  "the  whole  body  of 
a  fish,  but  beneath  the  fish's  head  he  had  another  head 
(that  of  a  man),  while  human  feet  appeared  beneath  his 
fish's  tail.     He  had  also  the  voice  of  a  man."- 

With  the  development  of  religious  sentiment  and  of 
definite  and  clear  ideas  as  to  the  gods,  the  plastic  faculty 
was  called  upon  for  greater  efforts  than  it  had  made 
before.  Something  besides  grimacing  and  monstrous 
images  of  genii  were  asked  from  it.  Figures  were  de- 
manded which  should  embody  something  of  the  nobility 
and  majesty  attributed  to  the  eternal  masters  of  the 
world.  The  divine  effigy  was  the  incarnation  of  the 
deity,  was  one  of  the  forms  in  which  he  manifested  him- 


self; it  was,  as  the  Egyptians  would  say,  one  of  his 
"doubles".  Such  an  effigy  was  required  to  afford  a  worthy 
frame  for  the  supreme  dignity  of  the  god,  and  the  house 
built  by  man's  hands  in  which  he  condescended  to  dwell, 
had  to  be  such  that  its  superior  magnificence  should  dis- 
tinguish it  at  a  glance  from  the  dwellings  of  mortals.  It 
was  thus  that  the  temples  and  the  statues  of  the  gods  took 
form  when  the  various  deities  began  to  be  distinguished 
from  one  anotlier. 

The  images  of  the  various  gods  were  built  up  in  great 
part  by  the  aid  of  combinations  similar  to  those  made  use 
of  in  visualizing  the  minor  demons.     A  natural  bent  to- 


Fi(iur,-  1:    Hrotizt  Slalu,-lle—Thr  Demon  of  tin-  Soulhwcst  If  in  J 


wards  such  a  method  of  interpretations  was  perhaps  in- 
herited from  the  days  in  which  the  naive  adoration  of 
animals  formed  a  part  of  the  national  worship.  Again, 
certain  animals  were,  by  their  shapes  and  constitution, 
better  fitted  than  others  to  personify  this  or  that  divine 
quality.  It  was  natiual,  therefore,  that  the  artist  should, 
in  those  early  days,  have  indicated  the  powers  of  a  deity 
by  powers  borrowed  from  the  strongest,  the  most  beauti- 
ful, or  the  most  formidable  of  animals.  Nothing  could 
suggest  the  instantaneous  swiftness  of  a  god  better  than 
the  spreading  wings  of  an  eagle  or  culture,  or  his  de- 
structive and   irresistible  power  better  than   their  breaks 
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ami  talons,  the  horns  ot  tiic  bull,  or  the  maiu-  and  claws 
of  the  lion. 

The  scLiIptor,  tluMvtorc,  had  a  jiood  reason  for  cni- 
ployiiig  these  forms  and  many  others.  He  introduced 
them  into  his  work  with  skill  and  decision,  and  obtained 
composite  types  which  we  may  compare  to  those  in  I'-fiypt. 
Rut  there  were  some  differences  to  be  renK'ndiere<l.     The 
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human  face  received  more  consideration  from  the  Meso- 
potamian  sculptors  than  from  those  of  Egypt.  Except 
in  the  sphinxes  and  a  few  less  important  types,  the 
Egyptians  crowned  a  human  body  with  the  head  of  a 
snake,  a  lion,  a  crocodile,  an  ibis  or  a  hawk,  and  some 
times  of  a  clumsy  beast  like  the  hippopotamus,  and  their 
figures  are  dominated  by  the  heads  thus  given  them.  At 
Babylon  and  Nineveh  the  case  is  reversed.  Animals'  heads 
are  found,  as  a  rule,  only  upon  the  shoulders  of  those 
figures  which  represent  genii  rather  than  gods.  In  the 
latter  a  contrary  arrangement  prevails.  They  may  have, 
like  Dagon,  a  fish's  tail  hanging  down  tlieir  backs,  or,  like 
the  collosal  guardians  of  the  palaces,  the  body  and  limbs 
of  a  lion  or  bull  with  the  wings  of  an  eagle,  but  the  head 
is  that  of  a  man  and  the  sculptor  has  given  it  all  the 
beauty  he  can  compass.  To  this  there  seems  to  be  but 
one  exception — the  eagle-headed  god  to  whom  Assyrio- 
logists  have  assigned  the  name  of  Nisrich.  He  seems  to 
have  occupied  a  high  place  among  the  Mesopotamian 
divinities. 

But  the  difference  between  the  two  systems  does  not 
end  there.  There  are  a  few  deities,  such  as  Ptah,  Osiris, 
and  Amen  to  whom  the  Egyptians  gave  a  human  form  in 
its  entirety;  but  even  in  such  cases  it  was  not  reproduced 
in  its  native  elegance  and  nobility.  The  extremities  of 
Ptah  and  Osiris  were  enveloped  in  a  kind  of  sheath 
which  made  their  figures  look  like  mummies.  It  was  not 
so  in  Chaldaea,  as  we  shall  see  if  we  examine  the  method 
of  representing  the  greater  gods.  Take,  for  instance, 
Ncbo,  the  god  of  intelligence  and   prophecy,  and   Istar, 


ihe  personification  of  the  earth's  fertility,  of  its  power 
of  creation,  and  its  inexhaustible  energy.  Ncbo  stands 
upright,  his  head  is  crowned  with  a  horned  tiara;  he 
wears  a  long  robe  falling  straight  to  the  ground  (Fig.  2). 
As  for  Istar,  she  is  a  yoiuig  woman,  nude,  large-hipped, 
and  pressing  her  breasts  with  her  hands  (Fig  2).  The 
awkwardness  which  characterizes  these  figures  is  due  to 
the  inexperience  of  the  artist;  his  intentions  were  good 
but  his  skill  was  hardly  equal  to  giving  them  full  effect. 
His  Nebo  was  meant  to  be  as  majestic  as  a  king  or  high 
priest;  his  Istar  is  the  spouse,  the  mother,  the  nurse;  she 
is  the  goddess  "who  rejoices  mankind,  who,  when  fertil- 
ized by  love  assures  the  duration  and  perpetuity  of  the 
species"''.  Thus  the  anthropomorphism  of  the  Chaldaeans 
was  more  frank  than  that  of  the  Egyptians,  and  so  far 
the  art  of  Chaldaea  was  an  advance  upon  that  of  Egypt, 
although  it  was  excelled  by  the  latter  in  executive  quali- 
ties. 

We  are  rather  at  a  loss  to  know  which  of  the  myriad 
of  gods  and  goddesses  were  considered  most  omnipotent 
by  these  people.  In  the  Babylon  of  the  second  Chaldaean 
empire  there  was,  it  seems,  a  double  embodiment  of  the 
divine  superiority  in  Merodach  or  Marduk,  the  warrior 
god,  and   Nebo,  the  god  of  science. 

But  in  spite  of  their  aspirations  and  the  august  role 
assigned  to  their  Merodach,  their  Assur,  or  their  Nebo, 
Chaldaea  and  Assyria  succeeded  no  better  than  Egypt  in 
giving  a  firm  embodiment  to  the  sovereign  moderator  of 
the  universe.  Their  art  was  without  the  skill  and  power 
required  for  the  creation  of  an  image  which  should  be 
worthy  of  their  mental  idea.  Neither  the  temples  of 
Babylon  nor  those  of  Nineveh  had  an  Olympian  Jove. 

Assur  came  nearer  to  the  acquisition  of  a  supreme 
and  unique  godhead  than  any  of  his  rivals  but  we  do  not 
know  with  any  certainty  what  features  were  his  in 
plastic  representations.  Some  have  recognized  him  in  a 
group  which  often  occurs,  here  floating  over  a  field  of 
battle,  there  introduced  into  some  scene  of  admiration. 
You  are  at  once  struck  by  the  similarity  of  the  group 
in  question  to  one  of  the  commonest  of  Egyptian  symbols 
— the  winged  globe  on  the  cornice  of  almost  every  temple 
in  the  Nile  valley.  The  Assyrians  appropriated  the 
emblem  sometimes  with  hardly  a  modification  upon  its 


Figure  3c 


Egyptian  form,  but  more  often  with  an  alteration  of 
some  significance.  In  the  center  of  the  symbol  and  be- 
tween the  outspread  wings,  appears  a  ring,  and,  within  it, 
the  figure  of  a  man  draped  in  flowing  robes  and  covered 
with  a  tiara.  He  is  upright;  in  some  cases  his  right  hand 
is  raised  as  if  in  prayer  or  benediction  while  his  left 
grasps  a  strong  bow;  in  others  he  is  stretching  his  bow 


October.    7'-/.?() 


THE  TECHNOCRAPH 


13 


and  about  to  launch  a  triple-headed  arrow  which  can  be 
nothing  but  a  thunderbolt. 

In  this  discussion  we  have  made  no  attempt  to  dis- 
criminate between  Chaldaca  and  Assyria.  The  two 
peoples,  brothers  in  blood  and  language,  had,  in  fact,  but 
one  religion  between  them.  Several  lists  of  Assyrian  gods 
and  godilesses  have  been  found,  but  with  the  exception  of 
Assur,  they  contain  no  name  which  does  not  belong  to 
Chaldaea.  The  Assyrians  invented  nothing.  Assur  him- 
self seems  to  have  been  only  a  secondary  form  of  some 
Chaldaean  divinity.  When  Xineveh  fell,  Assur  fell  with 
her,  while  those  gods  who  were  worshipped  in  common 
by  the  peoiile  of  the  north  and  those  of  the  south  long 
preserved  their  names,  their  fame,  and  the  sanctity  of 
their  altars. 

Teciiniql  E  OF  Chald.aea-Assyri.an-  Sculpture 

Ihe  art  of  Mesopotamia,  like  that  of  Egypt,  had  its 
cdiuentions,  some  of  which  were  peculiar  to  itself,  while 
others  are  common  to  all  nations  that  have  arrived  at 
sovereign  power  and  maturity  of  knowledge. 

Like  all  those  who  attempt  plastic  figuration,  the 
artists  of  Mesopotamia  began  with  profiles,  since  this 
method  of  representation  is  the  simplest  and  easiest  of  all. 
The  Chaldaea-Assyrian  artists,  unlike  those  in  Egypt, 
were  unaccustomed  to  the  nude.  One  consequence  of 
this  is  the  almost  exclusive  love  of  bas-relief  in  which 
Mesopotamian  art  is  unlike  that  of  any  other  people.  In 
its  very  beginning,  it  seems  to  have  made  a  vigorous  and 
promising  effort  to  rise  to  the  production  of  statues  in 
the  round,  but  discouragement  appears  to  have  followed 
rapidly,  and  in  later  years  very  few  attempts  were  made. 

The  salience  of  figures  was  increased  or  diminished 
according  to  their  place  and  the  part  they  played,  but  the 
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idea  of  detaching  them  altogether  from  the  background, 
and  gi\ing  them  an  independent  existence  of  their  own, 
was  soon  abandoned.  L  nder  the  first  Chaldaean  empire, 
statues  in  the  round  were  modelled.  (Fig.  3).  (See 
also  Fig.  2).      In  several  of  these,  although  the   forms 


are  not  so  round  as  in  nature,  the  back  is  as  carefully 
treated  as  the  front.  This  is  well  exemplified  in  the 
Atlantes  figures  found  in  front  of  the  harem  walls  at 
Khorsabad  (Fig.  3a).  They  seem  to  have  been  employed 
in  the  structure  as  true  columns.  On  their  head-dress 
they  support  a  square  plinth  which  bears  witness  to  their 
architectural   function.     Their  figures  are  of  more  than 
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human  stature.  From  the  sacred  \ases  which  they  press 
to  their  breast,  flow  torn"  streams;  two  of  these  fall 
directly  upon  their  feet,  while  the  two  others,  rising  over 
their  shoulders,  fall  down  their  back  to  their  feet  in 
undulating  bands. 

On  the  other  hand  most  of  the  few  statues  that  have 
come  down  to  us  are  all  too  thin  from  front  to  back,  and 
their  backs  are  hardly  more  than  roughly  dressed  stone. 

Instead  of  statues,  the  Assyrians  often  erected  stelae 
and  obelisks — a  kind  of  monument  which  holds,  so  to 
speak,  the  middle  place  between  statues  and  bas-reliefs. 
Among  the  stelae,  the  most  finished  type  is  that  of  King 
Samsi-Raninianu  III  (Fig.  3b).  It  is  a  monolith  of 
slightly  trapezoidal  form,  rounded  in  the  upper  part. 
The  sides  are  covered  with  cuneiform  in.scriptions  re- 
lating the  exploits  of  th.'  king.  On  the  face  of  the  stela, 
surrounded  by  a  border  which  forms  a  frame,  the  king, 
in  high  relief  anil  seen  in  profile,  stands  in  adoration  be- 
fore the  planetary  symbols.  It  is  clear  that  the  artist 
has  been  bolder  than  he  would  have  been  in  dealing  with 
a  statue  in  the  round.     The  feet  and  arms  are  more  free 
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ami  are  not  tu-ld  so  closely  to  the  figure,  aiul  the  details 
of  the  clothinj;  are  well  executed. 

Ho\ve\er,  these  statues  show  only  the  feeblest  As- 
syrian work.  The  plastic  genius  of  this  people  should 
not  be  judged  from  them  but  from  the  form  in  which 
they  were  most  at  home,  that  is  from  the  long  lines  of 
figures  that  stand  out  in  various  salience  from  the  palace 
walls.  Among  the  productions  of  this  latter  class  we  find 
every  degree  of  relief  from  bas-relief  strictly  speaking,  to 
what  is  but  little  removed  from  the  round. 

It  is  with  true  bas-relief  that  the  walls  of  temples 
and  palaces  were  covered,  as  if  with  a  stone  tapestry.  The 
Assyrian  process  is  very  similar  to  that  afterward  adopted 
by  the  (jreeks.  There  are  no  examples  of  the  Egyptian 
fashion  of  defining  the  outlines  of  the  figures  by  a  deep 
groove,  nor  of  those  figures  that  were,  so  to  speak,  let 
into  and  modelled  within  the  surface  of  the  wall.  In 
both  Chaldaea  and  Assyria  the  figure  stands  out  from 
the  bed  of  the  relief  from  a  quarter  of  an  inch  to  an 
inch,  according  to  its  si/.e.  The  bed  is  nowhere  hollowed, 
it  is  one  even  surface. 

Most  of  the  great  bas-reliefs  have  but  one  plane,  and 
to  this  they  owe  the  simplicity  that  gives  them  a  certain 
nobility,  even  if  it  does  tend  toward  monotony  in  design. 
Examples  of  two  planes,  in  which  the  figures  are  groups 
in  couples,  the  nearest  to  the  spectator  in  each  couple 
covering  a  large  part  of  his  companion,  are  by  no  means 
rare  (Fig.  4).  We  may  sa\'  the  same  of  those  in  which 
a  background  of  trees  introduced  behind  the  figures.  This 
arrangement  is  especially  frequent  in  the  more  compli- 
cated pictures  where  the  figures  are  small  and  numerous; 
but  even  in  the  last  century  of  the  Assyrian  monarchy, 
when  the  sculptor  showed  an  ever-increasing  tendency  to 
draw  attention  and  excite  interest  by  the  introduction  of 
details,  he  never  qvu't  his  hold  of  a  right  instinct  for  the 
conditions  of  true  bas-relief.  Unlike  the  Roman  sculp- 
tors, he  shows  no  hankering  to  get  rid  of  the  bed ;  he 
never  destroys  the  clarity  of  his  conception  by  unduly 
multiplying  the  planes.  He  did  not  understand  how  to 
show  objects  in  perspective  or  how  to  manage  foreshort- 
ening, and  this  ignorance  served  him  well ;  it  preserved 
him  from  the  temptation  into  which  more  skillful  artists 
are  so  prone  to  fall ;  it  prevented  him  from  forgetting  that 
the  design  best  suited  to  bas-relief  is  purely  geometrical 
in  its  essentials. 

The  relief,  of  course,  becomes  higher  as  the  size  of  the 
figure  increases,  but  even  when  it  is  highest,  the  salience 
does  not  go  beyond  what  is  called  "mezzo-relievo" ;  that 
is  to  say,  no  part  of  the  principal  or  accessory  figure 
stands  out  from  the  wall  in  the  round,  as,  for  instance, 
do  the  heads  and  limbs  of  the  metopes  of  the  parthenon. 

The  same  remark  holds  good  of  the  colossal  figures 
of  lions  and  winged  bulls  at  the  palace  entrances  (Fig. 
3c).  In  these  images  there  is  a  compromise  between  the 
"round"  and  the  bas-relief  of  a  very  original  and  peculiar 
character.  Looked  at  from  in  front,  the  lions  and  the 
bulls  seem  to  be  independent  statues;  the  head,  the  chest, 
the  legs,  stand  out  with  as  much  freedom  and  amplitude 
of  development  as  in  nature;  but  step  a  little  to  one  side 
and  their  a.spect  will  change.  You  will  then  see  that 
only  the  fore  part  of  the  animal  is  disengaged  from  the 
block  of  alabaster  or  limestone  in  which  it  is  cut  and  the 
rest  of  the  body  remains  imprisoned.  The  contours  alone 
arc  indicated,  in  low  relief.  Thus  we  have  a  quarter  of 
the  statue  standing  out  from  sixteen  to  twenty  inches  in 
front  of  the  slab  on  which  the  sides  are  shown  in  sil- 
houette. It  looks  as  if  the  image  had  made  an  effort  of 
shake  itself  clear  of  the  mass  of  stone  and  had  only 
partially  succeeded. 

There  are  other  peculiarities  in  these  images.  Looked 
at  from  the  front,  they  appear  stationary,  their  two  fore 


feet  being  on  the  same  plane  and  close  together;  any 
other  arrangement  would  have  been  awkward.  But  if  we 
look  at  them  from  the  side,  they  appear  to  be  walking,  in 
which  attitude  all  the  four  legs  are  visible  and  clear  of 
each  other.  In  most  cases  the  bulls  were  not  parallel  to 
the  facades  they  decorated,  but  perpendicular  to  them. 
They  faced  the  visitor  as  he  approached  the  gate,  and  it 
was  not  until  he  entered  the  passage  that  he  got  a  side 
view  of  their  bodies.  Some  contrivance  was  sought  by 
which  their  figures  should  appear  complete  from  both 
points  of  view,  and  the  following  expedient  was  hit  upon. 
As  soon  as  the  spectator  had  entered  between  the  bulls, 
he  could,  of  course  no  longer  see  more  than  the  foreleg 
nearest  him;  the  other  was  hidden  by  it.  The  latter  was 
then  repeated  by  the  sculptor  and  thrown  back  under  the 
body  of  the  animal,  which,  as  a  residt,  had  five  legs. 
This  contrivance  is  one  of  the  distinguishing  marks  of 
Assyrian  art;  so  far  as  we  know  it  appears  nowhere  else. 

As  we  have  mentioned,  even  in  the  greatest  schools  of 
sculpture,  the  bas-relief  prefers  figures  in  profile.  In 
those  exceptional  instances  in  which  the  Assyrians 
abandoned  this  preference,  they  were  visibly  embarrassed. 
They  did  not  understand  how  to  shorten  the  feet,  there- 
fore they  put  the  lower  part  of  the  figure  in  profile  while 
the  upper  part  faced  the  spectator.  This  puts  the  figure 
in  a  painful  and  awkward  attitude.  It  is  the  same  when 
they  wish  to  make  a  figure  turn,  the  movement  of  the 
shoulders  and  neck  is  so  clumsily  rendered  that  the  sculp- 
tor seems  to  have  put  the  head  on  wrong  side  foremost. 
In  general,  however,  the  ample  draperies  helped  the  artist 
out  of  his  difficulties.  Thanks  to  the  veil  which  hides 
his  ignorance  of  the  attachment  of  limbs,  he  succeeds  in 
avoiding  those  dislocations  that  are  so  frequent  in  the 
Egyptian  bas-reliefs. 

Also,  when  he  had  to  render  the  human  countenance, 
the  Assyrian  sculptor  had  the  same  fault  as  he  of  Egypt ; 
he  placed  a  full,  or  nearly  full,  eye  in  his  profiles.  This 
can  probably  be  explained  by  the  fact  that  while  the  nose 
and  mouth  are  more  clearly  marked  in  the  profile  than 
in  the  front  face,  it  is  in  the  latter  that  the  eye  is  able  to 
display  its  full  beauty.  When  seen  from  the  side  it  is 
small,  its  lines  are  abrupt,  and  the  slightest  change  affects 
its  contours  in  a  fashion  which  is  very  puzzling  to  the 
unlearned  artist. 

If,  in  some  of  its  habits,  the  sculpture  of  Mesopotamia 
bears  a  strong  resemblance  to  that  of  Egypt,  it  is,  never- 
theless, far  inferior  to  it  in  other  respects.  The  Assyrian 
or  Chaldaean  artist  never  seems  to  have  looked  closely 
enough  to  perceive  the  differences  that  distinguish  one  in- 
dividual or  even  one  race  from  another.  At  least  if  he 
saw  them  he  did  not  understand  how  to  reproduce  them; 
he  did  not  even  try  to  do  so.  From  the  very  beginning, 
the  art  of  the  Nile  valley  turned  out  portraits  of  as- 
tonishing truth  and  life.  Everywhere  we  find  a  singular 
aptitude  in  seizing  and  noting  those  peculiarities  which 
make  every  human  face  a  unique  creation.  Very  few 
traces  of  this  talent  are  to  be  found  in  the  monuments 
of  Mesopotamia.  Of  course,  in  a  school  of  draped  sculp- 
ture we  could  hardly  expect  to  find  any  great  preoccupa- 
tion with  the  beauties  of  the  human  body.  Given  the 
Assyrian  costume  it  was  impossible.  In  many  works  from 
the  Nile  valley  the  influence  of  sex,  age,  and  even  the 
profession  upon  the  development  of  the  muscles  is  skill- 
fully shown.  But  the  faces  were  not  concealed  by  the 
Assyrian  draperies;  why  then  were  their  distinctive  marks 
of  individuality  so  consistently  ignored  ?  The  sculptor 
should  have  concentrated  his  attention  upon  them  all 
the  more  and  so  arrived  at  a  more  faithful  portrait.  He 
did  not  do  so,  however.  Neither  Assyrian  nor  Chaldaean 
had  any  such  ambition.  By  a  process  of  selection  and 
(Continued  on  Page  31) 


October,  1930 


THE  TECHN(X",RAPH 


15 


Determining  the  Rate  of  Heat  Transfer 
In  Residential  Boilers 


B.  Leichtox  Weli.man  '3U 


THE  material  for  this  report  was  gathered  during 
the  summer  of  1929,  while  I  was  assisting  Mr.  W. 
P.  McOsker  with  experimental  work  being  con- 
ducted by  the  Heggie-Simplex  Boiler  Company,  at  Joliet, 
Illinois,  on  their  series  of  Residential  Heating  Boilers. 
Reference  to  the  accompanying  drawing,  and  the  table 
of  dimensions  will  show  the  construction  and  sizes  of 
boilers  composing  the  series.  There  are  two  series  of  ten 
sizes  each:  one  series,  designated  by  the  letter  S  is  fitted 
with  2  inch  fire  tubes,  the  other,  the  SB  series,  with  3 
inch  tubes.  The  boilers  are  made  of  steel  with  electrical- 
ly welded  seams. 

The  object  of  our  tests  was,  in  addition  to  determin- 
ing the  rate  of  heat  transfer  in  the  tubes,  to  determine 
firebox  temperatures  at  the  entrance  to  the  tubes  for 
various  rates  of  energy  liberation,  and  for  various  rates 
of  fuels ;  finally,  it  was  desired  to  assemble  the  results  of 
the  work  in  a  set  of  tables  and  curves,  which  might  then 
be  applied  to  calculate  the  performance  of  boilers  not  yet 
submitted  to  test. 

Essentially,  to  ascertain  the  rate  at  which  heat  was 
being  transferred  from  the  hot  gases  through  the  steel 
tubes  to  the  surrounding  water,  it  was  only  necessary  to 
know  the  temperature  of  the  gases  entering,  the  tempera- 
ture of  the  gases  after  traveling  the  length  of  the  tubes, 
the  weight  of  gas  per  unit  time,  and  the  length  of  tl;e 
tubes,  or  area  in  contact  with  the  gases.  Undoubtedly, 
all  of  these  factors  influence  the  rate  of  heat  transfer, 
but  only  by  experiment  can  the  degree  and  manner  of 
this  influence  be  best  determined. 
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Primarily,  then,  three  measurements  were  necessary: 
the  flue  gas  analysis  by  means  of  a  Hays  Analyzer,  or 
Orsat,  and  the  firebox  and  stack  temperature  measure- 
ments, both  made  with  a  Brown  Pyrometer,  using  three 
dififerent  types  of  thermocouples. 

Flue  gases  were  analyzed  by  continuous  sampling,  the 


intervals  being  usually  15  or  30  minutes,  depending  on 
the  performance  of  the  boiler,  or  upon  the  frequency 
with  which  temperature  measurements  were  being  made. 
If  temperature  readings  were  taken  close  together  the 
variations  in  the  amount  of  COo  was  read  from  the  Hays 
Recorder.  The  reading  of  the  Recorder  was  always 
corrected  in  case  of  any  discrepancies  between  it  and  the 
analvzer. 


It  was  necessary  to  make  a  number  of  considerations 
in  obtaining  correct  temperatures.  Four  thermocouples 
of  three  different  tvpes  were  used:  two  1/32"  Chromei- 
Alumel  (Type  M.  A.)  couples,  one  1/8"  (Type  M.  A.) 
couple,  and  one  1/32"  Iron-Constantaan  (Type  I.  C.) 
couple.  Since  the  radiation  loss  for  the  1/32"  couple 
was  quite  small  as  compareii  with  that  of  the  1/8" 
couple,  it  was  assumed  to  be  standard.  The  millivolt- 
meter  used  was  calibrated  to  read  temperatures  and  com- 
pensate for  cold  junction  temperatures  directly  when 
used  in  conjunction  with  the  Type  M.  A.  couples.  When 
used  with  the  I.  C.  couple  it  was  necessary  to  convert 
the  temperature  reading  to  the  .M.  A.  standard  by  means 
of  tables  of  temperature  niilli\olt  equivalents  for  each 
type  of  couple.  The  comparison  of  the  1.  C.  and  the  M. 
A.  couples  may  be  seen  on  Curve  II  where  actual  values 
have  been  plotted.  It  was  also  found  that  the  draft 
effected  a  difference  in  reading  between  the  1  8"  and 
the  1  }>2"  couples.  Curve  11  shows  that  draft  and  range 
of  temperature  are  the  factors  producing  a  difference  in 
the  reading  of  the  two  thermocouples.  Radiation  from 
the  walls  of  the  breeching,  although  insulated  with  1" 
Mineral  Wool,  and  from  the  couple  to  walls  causes  the 
temperature  readings  of  the  1/8"  couple  to  be  lower  than 


16 


Tin:  '11  CHNOCiRAI'll 


Ortoher.    1Q30 


it  actiialK'  is.  This  loss  from  radiation,  liowincr,  varies 
with  the  range  in  tenipe ratine,  hence  wiien  actual  com- 
parative values  for  the  two  couples  were  plotted  as 
shown  in  Curve  II  a  means  was  obtained  for  correlating; 
the  readings  with  these  couples  and  checking  their  cali- 
bration. 
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In  addition  to  the  differences  between  couples,  varia- 
tions were  encountered  in  measuring  the  stack  and  fire- 
box temperatures  according  to  the  position  of  the  thermo- 
couple in  the  gas  stream.  For  this  reason  it  was  neces- 
sary to  make  surveys  of  both  breeching  and  firebox  in 
order  to  ascertain  from  this  stratification  of  the  gases 
what  point  or. points  would  give  the  best  temperature 
determinations.  Curve  I  shows  how  the  temperature 
of  the  gases  varied  across  the  section  of  the  breeching 
where  all  stack  temperatures  were  measured.  The  maxi- 
nuim  temperatiuc  was   found   at  2  or  3  inches  from  the 


top,  and  the  mean  temperature  closely  approximated  that 
measured  at  the  center.  The  temperature  in  the  firebox 
was  measured  throtigh  three  openings  in  the  door,  one  in 
the  center  and  one  on  each  side,  all  three  holes  being 
very  nearly  in  line  with  the  bottom  row  of  tubes. 
Through  each  of  these  holes  three  readings  were  taken: 
one  at  the  flue  sheet,  one  at  the  door,  and  one  midway 
between  these  two.      It   was  then   found   that  the  mid- 


point of  the  center  hole  survey  came  closest  to  the 
average  of  the  nine  readings.  .Man\'  surveys  were  made 
through  the  center  port  only  with  an  occasional  check 
reading  on  the  side.  In  compiling  the  data  both  average 
and  center  point  results,  to  the  extent  of  almost  150  de- 
terminations, were  computed  and  the  accuracy  of  \arious 
methods  noted. 

Curve  III  shows  stack  temperature  versus  output. 
From  a  number  of  tests  at  various  ratings  the  average 
stack  temperatures  were  obtained,  and  a  straight  line 
relation  found  to  average  the  points  best.  This  curve 
for  the  S-6  boiler  is  typical  of  all  the  boilers  under  dis- 
cussion, a  straight  line  relation  between  stack  tempera- 
ture and  output.  It  may  be  noted  that  around  100% 
rating  there  is  an  increased  tendency  for  the  points  to 
depart  from  this  curve;  this  may  be  explained  by  the  fact 
that  the  rate  of  flow  of  the  gases  is  at  that  time  in  the 
critical  region  somewhere  between  turbulent  and  stream- 
line flow.     This  will  be  discussed  further  at  a  later  time. 


Curvi-  la 

In  order  to  study  accurately  the  heat  transfer  in  tubf.s 
it  was  necessary  that  the  rate  of  flow  of  the  gases  be 
closely  estimated.  P^or  this  purpose  the  set  of  curves 
shown  on  Curve  IV  were  drawn ;  specifically,  they  are 
for  the  S-6  boilers,  but  the  curves  for  efficiency  calcula- 
tion may  be  applied  to  any  of  the  others.  The  coal  con- 
sumption per  hour  per  tube  at  various  percents  of  rating, 
and  at  an  assumed  efficiency  of  80%,  was  computed. 
Then  since  the  stack  temperature  and  the  percent  of 
rating  of  the  boiler  give  a  straight  line  relation  it  was 
possible  to  plot  the  coal  consumption  values  against  the 
stack  temperature  and  get  another  straight  line  relation. 
However,  efficiency  of  the  boiler  may  vary  not  only  for 
each  output  but  with  fixed  output  and  stack  temperature, 
and  hence,  the  correction  factor  for  higher  or  lower 
efficiencies.  The  probable  efficiency  was  quickly  obtained 
from  the  curves  as  follows:  having  the  flue  analysis  the 
pounds  of  gas  per  pound  of  fuel  is  found  on  the  curve  so 
designated ;  having  this  value  as  an  ordinate,  the  stack 
temperature  is  taken  as  an  abscissa,  and  the  intersection 
of  the  two  on  the  lines  of  constant  percent  loss  gives  the 
stack  loss;  percent  radiation  loss  is  also  read  against  the 
stack  temperature  (5%  loss  at  rating)  ;  for  losses  due  to 
moisture  in  the  gases,  2.5'('  was  allowed  on  anthracite 
and  5.0%  on  bituminous  coals;  for  incomplete  com- 
bustion, 2.5%  was  allowed  on  anthracite,  and  7.5%  on 
bituminous  coals.  Since  these  figures  represent  averages 
(Continued  on  Page  27) 
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What  Branch  of  Engineering  Shall  I  Choose? 

These  Articles  May  Help  You  in  Your  Selection 

ENGINEERING  and  Architecture  have  always  been  open  professions  as  contrasted  with  the  medical  profession, 
for  instance.  Men  of  varying  degrees  of  ability  and  technical  training  are  needed  in  the  several  levels  of 
professional  practice.  There  are  no  well  defined  supporting  groups  with  professional  status  of  their  own 
as  is  the  case  in  the  medical  profession  with  nurses,  pathologists,  roentgciitologists,  and  others  forming  very  definite 
professional  bodies  whose  members  do  not  advance  into  the  medical  profession  through  long  experience  in  their 
own  work.  Quite  the  opposite  is  true  in  Engineering  and  Architecture.  Every  draftsman,  instrument  man,  and 
inspector  hopes  to  become  a   full-fledged  engineer  at  some   future  time. 

Many  men  have  come  into  world-wide  prominence  and  prestige  in  times  past  in  the  practice  of  these  two  in- 
teresting professions  without  formal  technical  education  of  any  kind.  In  fact,  many  have  never  had  an  education 
beyond  the  secondary  schools.  However,  with  the  rapid  developments  of  the  last  fifty  years  in  pure  science  and  in 
methods  of  design,  manufacture,  and  construction,  it  has  become  increasingly  important  that  young  men  desiring 
to  enter  these  professions  shall  e(iuip  themselves  at  the  very  outset  of  their  careers  with  as  thorough  an  education 
in  English,  history,  mathematics,  the  physical  sciences,  and  the  technology  of  their  chosen  professions  as  it  is 
possible  to  acquire  in  the  best  technical   schools  and  colleges  in  four  years  time. 

Due  to  the  fact  that  the  age  in  which  we  now  live  has  become  very  complex  through  developments  by  scientists, 
engineers,  and  architects,  there  have  grown  up  numerous  subdivisions  of  these  professions  which  make  it  difficult 
for  the  student  just  entering  college  to  decide  upon  one  of  the  several  branches  open  to  him.  The  Technograph  is 
doing  a  fine  thing  in  presenting  in  its  early  issues  articles  by  men  who  speak  with  authority,  dealing  with  the 
work  of  the  engineer  and  architect  in  the  sveeral  fields.  These  articles  will  supplement  the  efforts  of  the  college 
very  effectively  in  bringing  to  the  prospective  engineer  or  architect  as  full  information  about  his  chosen  profession 
as  it  is  possible  to  give  in  the  brief  time  available. 

— Professor  H.  H.  Jordan', 

Assistant    Dean    of    the    Cnllrije    nj   Entjinrrruig. 


The  Department  of  Architecture 

Prof.  Lorin'g  H.arvey  Provine 
Head  of  the  Department 

As  you  walk  along  the  streets  of  a  large  city  and  ad- 
mire the  great  structures  that  line  either  side,  would  you 
like  to  have  some  part  in  the  processes  involved  in  the 
cration  of  such  structurs?  The  Department  of  archi- 
tecture offers  to  those  who  are  interested  in  the  pro- 
fession three  options  suited  to  those  of  different  inclina- 
tions. Architecture  is  more  than  the  mere  design  of 
buildings.  It  involves  not  only  a  beautiful  exterior  but 
it  must  be  safe  and  it  must  be  useful  for  the  purpose 
intended.  The  architect  must  study  the  problem  as  to 
the  type,  kind  of  building  and  height  of  structure  that 
will  yield  the  best  returns  on  the  investment  to  the 
owner;  it  involves  a  study  of  modern  materials,  the 
effective  arrangement  of  rooms  which  will  promote 
efficiency  of  operation.  The  usual  large  structure  must 
have  a  skeleton  or  framework  which  must  be  carefully 
designed  and  the  footings  must  be  adequate  for  the  loads 
imposed.  The  building  must  meet  the  demands  of  good 
ventilation  and  mechanical  equipment.  The  architect  is 
responsible  for  the  inspection  of  the  materials  used  as 
well  as  their  application.  He  must  be  a  keen  business 
man  in  order  to  prepare  estimates,  issue  certificates  and 
arbitrate  disputes. 

To  meet  these  demands  of  the  profession,  the  Depart- 
ment of  Architecture  offers  three  options  in  architecture. 
For  the  man  with  the  design  ability,  the  creative  in- 
stinct, there  is  a  curriculum  in  design,  intended  to  stim- 
ulate the  imagination,  to  develop  the  creative  instinct. 
For  those  who  desire  to  be  responsible  for  the  strength 
of  the  building,  the  construction  option  is  offered.  The 
student  is  taught  the  fundamentals  of  good  structural 
design.  He  is  responsible  for  the  proper  size  of  trus.ses, 
beams,  girders,  columns,  and  foundations.  This  requires 
a  thorough  grounding  in  mathematics. 

There  are  a  great  number  of  students  who  are  in- 
terested in  the  profession  of  architecture  who  are  not  the 
creative  designers  although  they  are  good  critics  of  de- 


sign, and  who  do  not  have  the  inclination  to  design  the 
structural  elements.  For  such  students  the  option  in 
general  architecture  is  offered.  These  men  after  gradua- 
tion engage  in  the  practice  of  architecture.  They  know 
design  and  are  excellent  critics ;  they  appreciate  the  im- 
portance of  safe  construction,  and  can  ofifer  suggestions 
as  to  the  solution  of  the  problem.  They  become  men  of 
vision,  able  to  figure  for  the  owner  the  economics  of  a 
proposed  building  project,  and  are  able  to  meet  business 
men  and  talk  business,  architecturally,  to  them. 

All  three  options  offer  work  which  should  enable  the 
student  to  pass  the  state  examination  for  the  practice  of 
architecture  if  he  has  the  other  qualifications  to  be  ad- 
mitted to  the  examination. 

The  Department  of  Architecture  is  splendiill\  hou.sed 
in  a  well  equipped  building.  The  top  floor  is  devoted 
to  the  freehand  drawing,  water  color,  and  similar  studies. 
The  third  floor  is  de\oted  to  such  subjects  as  Technology 
of  Materials,  Graphic  Statics,  and  the  work  given  in  the 
construction  option.  The  second  floor  is  a  T  in  shape 
with  large  well  lighted  drafting  rooms  at  either  end  and 
the  Architectural  Library  in  the  stem. 

The  first  floor  has  a  great  Hall  of  Casts  at  the  west) 
end  where  there  is  foiuid  a  fine  collection  of  reproduc- 
tions of  sculpture,  architect\iral  motifs,  and  casts  from 
the  antique.  At  the  east  end  of  the  building  is  the 
gallery  where  there  are  always  on  display  loan  exhibitions 
of  prints,  paintings,  or  drawings.  This  gallery  also  houses 
the  permanent  art  collection  of  the  University. 

The  work  in  modeling  and  graduate  work  in  design 
is  housed  on  the  ground  floor  in  well  lighted  rooms. 

The  Architectural  Library  has  an  outstanding  col- 
lection of  books.  The  student  is  expected  to  use  the 
library  for  inspiration  and  study.  Books  may  be  taken 
from  the  library  to  the  drafting  rooms  for  reference.  In 
addition  to  the  many  thousand  bound  books,  there  is  a 
great  collection  of  mounted  plates  and  photographs, 
lantern  slides,  and  classified  portfolios  of  illustrative 
material.  The  outstanding  current  periodicals  on  archi- 
tecture and  related  subjects  are  also  available. 

The  department  doe.s  not  expect  to  turn  out  "finished"' 
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architects.  Tin-  real  purpose  is  to  teach  the  student  to 
think,  to  teach  him  tlie  architectural  alphahet;  when  lie 
has  gained  his  practical  experience  he  can  use  this  alpha- 
bet in  any  way  that  may  CLxpress  the  spirit  of  the  civiliza- 
tion in  which  he  lives. 

There  is  a  great  demand  for  outstanding  men  in 
architecture;  there  will  always  be.  The  student  is  in- 
spired to  make  big  plans  for  his  future,  looking  ahead  to 
the  demands  which  will  he  imposetl  upon  him. 


Ceramic  Engineering 

Prof.  Cl  i.len"  W.  Parmei.ee 
Head  of  the  Department 

Everyone  is  interested  in  Ceramics,  consciously  or 
not,  but  very  few  recognize  the  scope  and  importance 
of  the  industries  which  are  classed  under  that  name. 
Many  of  its  branches  may  justly  be  considered  as  in- 
dispensable to  our  modern  civilization,  without  which 
the  chemical  and  metallurgical  industries  and  all  those 
dependent  upon  them,  our  building  industries,  our  modern 
sanitation  and  so  on,  either  could  not  exist  or  would  be 
greatly  limited  in  development. 

To  illustrate  the  basic  importance  of  the  ceramic  in- 
dustries, consider  the  production  of  iron  and  steel,  two 
metals  which  are  virtually  indispensable  to  our  civiliza- 
tion. Without  an  abundant  supply  of  them  we  would 
have  to  return  to  a  more  primitive  mode  of  life.  These 
and  all  commercially  important  metals  are  produced  in 
furnaces  built  of  ceramic  materials.  Nor  do  we  know 
ot  any  cheap,  abundant,  and  convenient  substitute  for  the 
purpose.    If  so  it  would  be  used. 

The  ceramic  industries  include  those  products  of  clay 
of  all  kinds;  pottery  of  all  kinds,  building  materials, 
electric  wares,  chemical  wares  and  so  on,  even  including 
lead  pencils  and  false  teeth;  glass  wares  of  all  sorts, 
cements  in  great  variety,  and  the  vitreous  enamels  used  on 
cooking  ware,  sanitary  wares,  advertising  and  street  signs, 
etc.  Also,  large  qviantities  of  clays  are  used  in  paints,  in 
the  manufacture  of  soap,  of  paper,  oilcloth,  etc. 

A  little  more  than  a  quarter  of  a  century  ago  the 
first  department  of  a  university  to  give  systematic  in- 
struction in  the  fundamental  engineering  principles  of  the 
technology  of  the  ceramic  industries  was  organized  at  a 
sister  institution.  Tentative  efforts  for  the  same  pur- 
pose had  been  made  at  the  University  of  Illinois  at  an 
earlier  date  but  our  department  was  not  established  until 
1905. 

The  work  of  the  department  is  of  two  sorts:  in- 
struction and  research.  For  the  first  named  purpose,  we 
offer  two  curricula.  One  is  strongly  engineering  for  the 
training  of  those  primarily  interested  in  the  design,  con- 
struction, and  operation  of  plants  manufacturing  ceramic 
products,  which  curriculum  we  designate  as  Ceramic  En- 
gineering. The  other  curriculum  is  Ceramics,  which  is 
concerned  with  the  application  of  the  principles  of 
physics,  chemistry,  and  mineralogy  in  the  study  of  the 
raw  materials  and  their  utilization.  Both  curricula  are 
concerned  with  the  properties  of  the  products  manu- 
factured. We  do  not  study  the  decorative  arts  and  their 
use  in  the  manufacture  of  ceramic  products  which  we 
regard  as  outside  of  our  fields. 

Both  of  the  curricula  require  four  years  of  study.  The 
first  year  in  ceramic  engineering  is  uniform  with  that  of 
most  engineering  curricula,  whereas  the  curricvilvmi  in 
ceramics  is  quite  different  throughout. 

The  opportunities  for  the  graduates  are  many  and 
are  attractive  both  as  to  kind  and  financial  rewards. 
These  well   established,  essential   and   prosperous  indus- 


tries, manufacturing  wares  of  recognized  merits  and 
utility,  are  influenced  by  the  same  economic  forces  which 
prevail  in  all  other  industries.  Consequently,  the  rapid 
advances  in  technology  have  necessitated  the  employment 
of  increasingly  large  numbers  of  trained  ceramic  en- 
gineers and  ceramists  and  there  is  a  strong  and  growing 
demand  for  the  services  of  our  graduates  in  manufactur- 
ing, in  research,  and  in  sales. 

An  important  fact  which  deserves  attention  is  the 
small  number  of  ceramic  departments  in  existence  and  the 
correspondingly  limited  numbers  of  graduates  available 
for  the  industry,  which  condition  is  favorable  for  the 
young  graduate. 

As  for  research  work,  through  the  co-operation  of  the 
Engineering  Experiment  Station  of  which  we  are  a  part, 
and  by  means  of  funds  furnished  by  the  University  and 
man>'  industrial  organizations,  this  department  has 
energetically  carried  on  a  program  of  investigations  in 
many  different  ceramic  fields.  Some  of  these  investiga- 
tions have  been  of  a  fundamental  character,  others  of  an 
industrial  type.  These  investigations  are  under  the  direc- 
tion of  members  of  the  staff  with  the  aid  of  full-time 
and  part-time  assistants. 

These  researches  have  included  vitreous  enmaels  for 
metals,  firebrick  for  furnaces  and  gas-making  machines, 
the  drying  of  brick,  the  properties  of  electrical  porcelain, 
the  production  of  sewer  pipe  and  flue  linings,  and  the 
properties  of  feldspars.  The  eight  or  more  young  men 
engaged  on  these  problems  as  assistants  in  gathering  valu- 
able scientific  data  have  gained  valuable  experience  in  re- 
search methods.  It  has  also  been  possible  for  them  to 
work  towards  graduate  degrees,  which  has  equipped  them 
to  enter  into  very  satisfactory  positions. 

The  equipment  of  the  department  is  very  complete 
both  for  instruction  and  research.  No  other  similar  de- 
partment excels  and  it  is  doubtful  that  any  other  school 
equals  it. 


Civil  Engineering 

Professor  W.  C.  Huntington 
Head  of  the  Department 

The  popuar  conception  of  the  civil  engineer  is  a  man 
with  high-top  boots,  corduroy  pants,  a  broad-brimmed 
Stetson,  and  a  blue  flannel  shirt  far  off  in  the  wilds  look- 
ing through  a  transit.  This  picturesque  and  appealing 
occupation  is  still  a  possibility  but  the  development  which 
has  occurred  in  this  country  during  recent  years  has 
opened  up  so  many  fields  of  activity  to  the  civil 
enginer  that  the  romantic  figure  just  described  repre- 
sents only  a  small  part  of  those  included  in  the  civil  en- 
gineering profession. 

The  names  of  other  branches  of  engineering  are  some- 
what descriptive  of  class  of  work  they  include  but  this  is 
true  of  civil  engineering  only  in  a  very  general  way. 
Until  late  in  the  eighteenth  century,  engineering  con- 
sisted primarily  of  the  construction  of  fortifications, 
bridges,  and  highways  for  military  purposes  and  was 
imder  the  direction  of  engineers  serving  with  the  armies 
of  the  world.  As  civilization  de\eloped  the  need  arose 
for  engineering  works  for  civilian  use.  The  construction 
of  these  was  entrusted  to  properly  qualified  civilians  who 
gradually  became  known  as  civil  engineers  to  distinguish 
them  from  the  military  engineers  whose  activities  were 
confined  to  military  works.  For  a  short  period  these 
were  the  only  classes  of  engineers  but  soon  the  mining 
engineer  appeared  and  the  development  of  the  steam 
engine,  electrical  machinery,  chemical  processes,  the  auto- 
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mobile,  and  the  aeroplane  have  led  to  specialization  and 
resulted  in  the  forniation  of  many  branches  of  engineer- 
ing which  are  non-military  in  character  but  which  are 
not  included  under  the  head  of  civil  engineering. 

Notwithstanding  the  breaks  which  have  occurred  in 
its  ranks,  civil  engineering  is  a  broader  field  than  ever 
before  because  of  the  rapid  development  of  our  civiliza- 
tion. At  present,  the  major  branches  of  civil  engineering 
are  structural  engineering  which  includes  the  design  and 
construction  of  bridges,  the  structural  features  of  build- 
ings and  many  other  t\pes  of  structures;  highway  en- 
gineering which  is  rapidly  pushing  the  network  of  im- 
proved highways  over  the  entire  country  and  devising 
means  of  traffic  control,  railway  engineering  which  in- 
cludes the  location,  construction,  and  maintenance  of 
railways;  sanitary  engineering  which  includes  the  design, 
construction,  and  operation  of  plants  for  supplying  pure 
water  to  those  who  live  in  cities  and  for  disposing  of 
sewage  and  other  waste  products;  hydraulic  engineering 
which  makes  water  the  servant  of  mankind  by  power 
development,  irrigation  and  river  and  harbor  improve- 
ment and  curbs  its  destructive  tendencies  by  flood  control 
and  land  drainage;  and  city  planning  which  consists  of 
the  planning  of  the  street  system,  recreational  areas, 
transportation  facilities,  and  the  solving  of  many  of  the 
problems  which  confront  the  modern  city.  IVIany  civil 
engineers  are  engaged  in  contracting,  valuation  and  re- 
search, or  are  serving  in  technical  or  executive  capacities 
on  the  staffs  of  public  utilities  and  other  corporations 
whose  acti\ities  include  work  of  a  civil  engineering  char- 
acter. The  work  of  the  civil  engineer  may  be  analytical 
as  in  the  design  of  bridges  or  the  steel  frames  of  sky 
scrapers,  and  in  research ;  it  may  be  financial  as  in  esti- 
mating, cost  keeping,  valuations,  or  financing  engineering 
projects;  or  it  may  have  a  strongly  human  aspect  as  in 
directing  the  efforts  of  men  on  construction,  in  the  pro- 
motion of  engineering  projects  or  in  winning  popular 
favor  for  proposed  public  improvements. 

In  the  early  days,  civil  engineering  was  a  trade  rather 
than  a  profession,  an  art  rather  than  a  science,  but  the 
rapid  increase  in  bridge  spans  and  loads  and  in  the  height 
of  buildings;  the  demand  for  the  eiificicnt  use  of  materials 
and  labor  because  of  such  high  cost;  and  the  pollution  of 
water  supplies  by  an  even  increasing  pop\dation  have  re- 
quired that  the  civil  engineer  be  thoroughly  familiar  with 
scientific  principles  and  do  his  part  in  developing  them. 
This  has  led  to  the  introduction  and  rapid  expansion  of 
civil  engineering  courses  in  colleges  and  universities 
throughout  the  country.  At  one  time,  many  schools  of 
engineering  were  known  by  the  appropriate  name  of 
Schools  of  Applied  Science  but  they  are  now  coniinonly 
called  Colleges  of  Engineering. 

The  curriculum  for  the  freshman  year  in  the  course 
at  the  University  of  Illinois  is  the  same  for  all  branches 
of  engineering.  This  is  possible,  for  during  that  year  it 
is  necessary  that  all  engineering  students  secure  funda- 
mental training  in  mathematics,  science,  drawing,  and 
rlietoric,  and  it  is  desirable,  for  it  permits  a  student  to 
change  from  one  branch  of  engineering  to  another  with- 
OLit  the  loss  of  credit  at  the  end  of  the  freshman  year 
when  he  is  more  familiar  with  the  type  of  work  included 
under  each  branch.  Many  students  become  discouraged 
during  the  freshman  year  because  it  seems  that  they  are 
getting  none  of  the  real  engineering  they  ha\e  been  look- 
ing forward  to.  Houever,  the  work  of  the  freshman 
year  is  extrcmly  important  and  failure  to  secure  a  good 
grasp  of  the  freshman  courses,  particularly  those  in 
mathematics,  is  quite  likely  to  make  the  engineering 
courses  which  follow  much  more  difficult  and  result  in 
an  extra  year  in  college. 


In  the  sophomore  year,  differentiation  between  the 
various  branches  of  engineering  begins  although  there  is 
still  a  marked  similarity  due  to  the  courses  in  calculus 
and  physics.  During  this  year,  the  student's  desire  for 
work  of  an  engineering  character  is  satisfied  in  civil  en- 
gineering by  the  courses  in  mechanics,  surveying,  bridge 
and  building  construction,  highway  construction,  and 
principles  of  concrete  making.  These  courses  are  in- 
trodviced  to  acquaint  students  with  the  elementary  prin- 
ciples, with  the  terms  used  in  civil  engineering,  and  with 
types  and  methods  of  construction  but  they  also  serve  to 
arouse  and  maintain  his  interest  in  his  university  course. 
Those  who  wish  to  study  a  foreign  language  may  do  so 
by  slight  modification  of  the  course.  One  year  of  a 
foreign  language  is  of  very  little  value  but  if  two  or  more 
years  work  in  one  language  has  been  taken  in  high  school, 
further  stud\'  of  the  same  language  is  desirable  for  a 
student  should  then  be  able  to  secure  a  reading  knowl- 
edge of  this  language.  There  is  a  vast  amount  of  very 
valuable  technical  literature  written  in  French  or  Ger- 
man but  very  little  in  Spanish,  however,  in  rare  cases  a 
knowledge  of  Spanish  may  be  desirable  because  of  its 
extensive  use  in  South  America.  Many  civil  engineering 
students  plan  on  going  to  South  America  when  they 
graduate  but  fortunately  very  few  of  them  adhere  to  this 
ambition. 

The  junior  year  appeals  to  nearly  all  students  who 
have  had  the  courage,  industry,  and  ambition  to  do 
creditable  work  for  the  first  two  years.  During  this 
>'ear,  most  of  the  courses  are  classed  by  the  students  as 
real  engineering.  They  include  a  continuation  of  the 
study  of  mechanics,  courses  in  the  calculation  of  stresses 
in  structures  and  in  design,  hydraulics,  railway  and  high- 
way surveying,  roads  and  pavements,  the  theory  of  re- 
inforced concrete,  and  steam  and  air  machinery.  Oppor- 
tunity is  afforded  for  the  election  of  courses  in  geology, 
electrical  engineering,  economics,  or  other  subjects  in 
which  a  student  may  be  particularly  interested.  In  the 
senior  year,  various  options  are  offered  so  that  a  student 
may  specialize  to  a  limited  extent  on  some  branch  of 
civil  engineering.  The  junior  year  is  the  same  for  all 
of  these  options  except  those  in  sanitary  engineering  and 
city  planning.  Students  who  are  interested  in  sanitary 
engineering  should  take  bacteriology  as  an  elective  during 
the  second  semester  of  the  junior  year.  The  students 
following  the  city  planning  option  take  courses  in  city 
planning,  and  architectural  drawing  beginning  the  first 
semester  of  the  junior  year  in  place  of  steam  and  air 
machinery  and  electives.  A  special  curriculum  has  been 
arranged  for  those  students. 

In  the  senior  year  options  are  offered  in  structural 
engineering,  highway  engineering,  sanitary  engineering, 
hydraulic  engineering,  and  city  planning  as  well  as  a 
general  option  which  has  courses  from  the  other  options 
or  from  tlic  branches  of  engineering.  Students  who 
are  primarily  interestet!  in  the  civil  engineering  phases  of 
railway  engineering  should  register,  as  freshmen,  for 
Railway  Civil  Engineering  in  the  Department  of  Rail- 
way Engineering.  As  has  been  stated,  the  city  planning 
option  must  be  started  the  first  semester  of  the  junior 
year  and  it  is  desirable  but  not  necessary  to  start  the 
sanitary  option  the  second  semester  of  the  junior  year. 
The  other  options  start  the  first  semester  of  the  senior 
year.  The  basic  courses  are  the  same  in  all  options  so 
upon  graduation  a  student  is  not  restricted  in  the  type 
of  position  he  may  be  qualified  for.  In  recommending 
graduates  for  positions,  very  little  attention  is  paid  to  the 
option  they  have  taken  but  in  general  students  elect  the 
option  which  represents  the  type  of  work  in  which  they 
are  most  interested  and  it  is  quite  probable  that  they  will 
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take  up  work  in  that  tifid  after  graduation. 

After  completing  the  four-year  course  and  securing 
the  bachelor's  degree  most  students  start  on  their  civil 
engineering  careers.  The  department  assists  students  in 
securing  positions  and  each  year  the  gratluates  are  success- 
ful in  becoming  located.  In  each  class  there  arc  a  feu- 
students  who  can  profit  by  further  study  and  should 
seriously  consider  spending  an  additional  year  or  two  in 
graduate  work.  By  securing  this  superior  training  they 
are  capable  of  undertaking  problems  which  are  beyond 
the  capacity  of  those  uithout  graduate  training.  There 
is  a  great  satisfaction  in  this  superior  position  and  the 
increase  in  earning  power  more  than  offsets  the  cost  ot 
the  additional  year  in  coHege.  Each  year  a  limited 
number  of  research  graduate  assistantships  are  available 
at  the  University  of  Illinois.  They  provide  for  half- 
time  graduate  work  and  half-time  research  with  the  En- 
gineering Experiment  Station,  the  master's  degree  usually 
b?ing  secured  at  the  end  of  the  second  year.  Research 
graduate  assistants  are  paid  enough  to  meet  a  large  part, 
if  not  all,  of  their  expenses.  These  appointments  arc 
eagerly  sought  by  students  from  all  parts  of  the  countr\. 

Graduates  in  civil  engineering  from  the  University 
of  Illinois  have  assumed  positions  of  leadership  in  all 
phases  of  civil  engineering  work.  The  alumni  roll  in- 
cludes chief  engineers  and  executives  of  large  railway 
systems,  designers  and  builders  of  outstanding  bridges, 
engineers  in  charge  of  highway  organizations,  designers 
and  builders  of  important  water  supply  and  sewage  dis- 
posal systems,  leaders  in  engineering  education  and  re- 
search, executives  in  corporations,  writers  of  technical 
books  and  editors  of  engineering  publications,  and  many 
others  who  have  won  positions  of  distinction.  Each  year 
about  seventy  young  graduates  in  civil  engineering  from 
the  University  of  Illinois  start  on  careers  which  will 
bring  success  to  many  and  distinction  to  a  few. 


The  Department  of  Electrical  Engineering 

Prof.  E.  C.  Schmidt 
Head  of  the  Department 

The  department  of  Electrical  Engineering  at  the  Uni- 
versity of  Illinois  was  organized  nearly  forty  years  ago. 
At  that  time  the  electrical  telegraph  had  been  in  use  for 
half  a  century,  and  the  electric  telephone  was  in  general 
use  in  the  cities,  although  to  an  extent  which  appears 
limited  when  compared  with  our  present  telephone  sys- 
tems. Electric  arc  lamps  were  used  for  street  lighting 
and  carbon  filament  incandescent  lamps  were  being  in- 
troduced for  interior  lighting.  At  the  Columbian  Exhibi- 
tion in  Chicago  the  electrical  machinery  exhibited  for  the 
transmission  and  utilization  of  electric  power  had  at- 
tracted great  attention.  It  was  the  dawn  of  the  era  to 
which  we  now  refer  as  the  electrical  age.  This  new  age 
called  for  new  specialists  who  were  known  as  electrical 
engineers,  men  with  training  which  fitted  them  to  handle 
the  many  problems  which  rapidly  presented  themselves  as 
the  use  of  electricity  expanded.  It  was  to  aid  in  the  train- 
ing of  such  men  that  at  Illinois  and  at  other  engineering 
colleges  curriculums  leading  to  degrees  in  electrical  en- 
gineering w-ere  opened. 

The  first  two  years  of  our  electrical  curriculum  arc 
devoted  to  the  study  of  courses  whicli  are  preparatory  to 
the  electrical  engineering  courses  offered  during  the 
junior  and  senior  years.  It  is  especially  important  that 
one  who  is  to  do  technical  work  in  the  electrical  field 
should  be  thoroughly  grounded  in  mathematics  and  in 
physics.     He  should  also  have  a  thorough  understanding 


of  mechanics  and  of  subjects  in  some  of  the  allied  en- 
gineering fields  sucli  as  shop  work,  surveying,  drawing, 
thermodynamics  and  steam  engines  and  boilers. 

Tile  ability  to  write  good  engineering  reports  is  of 
more  importance  to  the  electrical  engineer  than  most  stu- 
dents imagine.  One  who  does  not  learn  how  to  write 
well  through  his  study  of  rhetoric,  in  connection  with 
tile  preparation  of  his  laboratory  reports  or  in  some  other 
manner  will  later  find  himself  at  a  serious  disadvantage. 
An  electrical  engineer  must  deal  witli  many  subjects  ot 
a  non-engineering  character  and  electives  arc  provided 
in  the  curriculum  so  that  one  may  take  a  limited  amount 
of  work  in  language,  iiistory,  economics,  law  or  other 
non-technical  branches  of  learning. 

The  electrical  engineering  subjects  offered  during  the 
junior  and  .senior  years  are  intended  to  give  the  student 
an  understanding  of  the  fundamental  principles  of 
electrical  circuits  and  machinery  as  well  as  to  give  train- 
ing in  the  methods  which  have  been  found  most  useful 
by  practical  engineers  in  the  solution  of  engineering 
problems.  This  instruction  is  administered  in  three  types 
of  course,  namely:  class  room  recitation,  for  the  dis- 
cussion of  theoretical  principles ;  laboratory  courses,  for 
the  development  of  experimental  technic  and  ability  to 
analyze  experimental  data;  electrical  design  courses,  to 
learn  the  methods  used  in  the  design  of  proposed  ma- 
chines or  power  systems.  During  the  senior  year  those 
who  wish  may  elect  courses  in  radio  commiuiication  or 
undertake  the  study  of  some  electrical  problems  in  w  hicli 
they  are  especially  interested. 

During  recent  years  there  have  been  sixty  or  more 
men  who  have  graduated  each  year  from  our  electrical 
engineering  department.  Openings  in  the  electrical  field 
for  several  times  this  number  have  been  brought  to  our 
attention.  The  growth  of  the  electrical  industry  from 
the  development  of  the  incandescent  lamp  fifty  years  ago 
has  been  remarkably  steady.  The  law  of  growth  is  ap- 
proximately to  double  every  ten  years.  The  size  of  the 
electrical  industry  is  now  such  that  expansion  at  this 
rate  calls  for  large  numbers  of  additional  workers. 

Until  the  past  decade  a  majority  of  our  electrical 
graduates  became  associated  with  companies  having  to  do 
with  electric  power.  Since  the  war  period  a  considerable 
number  of  oiu'  graduates  have  taken  positions  in  otiier 
branches  of  the  industry  such  as  in  telephony,  telegraphy 
and  radio  communication. 

During  the  past  year  the  electrical  department  has 
expanded  into  new  space  and  much  additional  equipment 
has  been  secured.  The  value  of  our  laboratory  apparatus 
is  well  above  a  hundred  thousand  dollars  and  few  labora- 
tories in  the  world  excell  our  own  in  facihtics  for  in- 
struction and  for  scientific  research. 

Tile  use  of  electricity  in  the  transmission  nnd  utili/n- 
tion  of  energy  and  in  the  transmission  of  intelligence  iias 
started  one  of  the  greatest  social  revolutions  ever  known 
in  the  world's  history.  The  process  of  change  is  still 
active  and  other  major  uses  of  electricity  will  be  de- 
veloped. Tiie  rate  of  change  seems  ever  to  accelerate. 
This  is  because  of  our  highly  organized  agencies  for  re- 
search and  development.  To  an  important  degree  we 
have  learned  how  to  learn.  What  an  attractive  field  for 
the  young  man  whose  abilities  and  interests  lead  in  this 
direction!  But  the  young  man  who  expects  to  make  his 
life  work  in  this  field  should  realize  that  advance  in  the 
art  leads  to  problems  of  greater  and  greater  difficulty 
and  hence  the  engineer  who  is  to  be  successful  in  the 
future  must  have  an  intellectual  training  much  more  com- 
plete than  that  which  has  sufficed  for  the  engineer  of  the 
past  generation. 
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The  Department  of  Railway 
Engineering 

E.  G.  Young 
Research  Prof.  R.  M.  E. 

The  Department  of  Railway  Engineering  administers 
three  curricula,  Railway  Civil  Engineering,  Railway 
Electrical  Engineering,  and  Railway  Mechanical  En- 
gineering. These  courses  are  practically  identical  with 
the  regular  civil,  electrical  and  mechanical  courses 
through  the  sophomore  year,  but  in  the  third  and  fourth 
years  there  are  specialized  subjects  offered  which  are 
designed  to  give  the  student  preparation  for  technical 
positions  in  the  service  of  both  steam  and  electric  rail- 
ways, and  of  manufacturers  supplying  the  railways  with 
locomotives  and  rolling  stock,  electrical  equipment,  and 
track  equipment.  As  in  the  case  of  other  courses  of  in- 
struction many  former  students  have  left  the  stricth 
technical  side  of  their  work  and  entered  executive, 
operating  or  manufacturing  courses.  Some  of  the  posi- 
tions held  by  former  students  of  this  department  may  be 
mentioned  as  follows : 

Railuay   RIechaiiical   Enyinecring  Students: 

General  manager  of  a  large  gear  works  specializing 

in  railway  work. 

Special  engineer  studying  the  possibilities  of  binning 

stack  cinders  as  they  arc  discharged,  promoting  safety  and 

fuel  economy. 

Rai/uay  Civil  Enr/iiieeiiny  Students: 

Engineer  in  charge  of  construction,  foreign  railway. 
Division  engineer,  large  western  railway. 

Railuay  Electrical  Eni/incering  Students: 

Research  Engineer  with  leading  firm  of  street  rail- 
way management  specialists. 

Superintendent  of  Transportation  of  a  large  city  rail- 
way. 

Engineer  in  charge  of  design  and  construction  of  sub- 
stations, important  interurban  railway. 

The  foregoing  list  does  not  include  the  work  of  any 
of  the  many  foreign  students  who  have  returned  to  their 
home  countries  to  undertake  responsible  and  important 
positions.  In  addition  to  this  list  there  arc  several  gradu- 
ates engaged  in  engineering  teaching  in  this  country'  and 
abroad. 

The  department,  througii  the  Engineering  Experi- 
ment Station,  conducts  many  research  projects  designed 
to  assist  in  the  solutio.i  of  railway  operating  problems. 
A  recent  and  notable  example  of  this  work  is  the  series 
nf  laboratory  tests  carried  out  upon  a  large  Illinois 
Central  locomotive  in  April,  May  and  June  to  determine 
the  economic  value  of  the  Nicholson  Thermic  Syphon,  a 
de\ice  installed  in  the  firebox  to  accelerate  the  circula 
tion  of  water  and  thus  promote  fuel  economy.  Other 
research  problems  have  dealt  with  the  most  advantageous 
size  of  coal  for  locomotive  use,  the  stresses  set  up  in 
chilled  iron  car  wheels,  exten.sive  studies  of  train  re- 
sistance under  many  different  conditions,  the  study  of 
electric  railway  track  bonding,  the  strength  of  various 
forms  of  rail  joints,  the  endurance  of  signal  relays,  etc. 

The  principal  items  of  equipment  used  by  the  depart- 
ment for  instruction  and  research  are  the  locomotive 
testing  laboratory,  on  which  the  largest  existing  rigid- 
frame  locomotive  could  be  tested,  and  on  which  the  de- 
partment maintains  a  small  locomotive  for  instruction 
purposes;  a  steam  railway  dynamometer-car,  an  electric 
railway  test  car,  a  complete  set  of  motor  and  control 
equipment  for  a  street  railway  car,  a  brake  shoe  testing 
machine,  and  a  drop  testing  machine. 


The  Department  of  Mechanical 
Engineering 

I'RCir.    .\.    C.    WiLLARI) 
Head  of  the  Def>arl/uenl 

We  are  engaged,  organized  and  equipped  as  an  educa- 
tional department  of  the  University  to  provide  the  basic 
training  for  men  who  wish  to  enter  the  profession  of 
-Mechanical  Engineering. 

Objectives: 

We  are  not  trying  to  develop  ultimately  either 
draughtsmen,  mechanics,  shop  foremen,  and  superin- 
tendents on  the  one  hand,  or  corporation  presidents, 
treasurers  and  secretaries  on  the  other  hand,  although 
some  of  our  graduates  are  engaged  in  such  capacities  and 
no  doubt  others  will  follow  them  from  time  to  time. 

The  trade  school  is  responsible  for  the  former  group, 
and  the  College  of  Business  Administration  for  the  latter 
group.  We  are  trying  to  lay  the  foundation  in  a  very 
brief  time  for  the  future  chief  engineer,  who,  to  cite  just 
two  of  the  many  fields  of  activity  in  which  our  graduates 
are  engaged,  will  design,  build  and  operate  the  super 
power  plant,  and  the  super  manufacturing  plant.  Such 
a  man  will  be  concerned  with  the  economical  de\elop- 
ment  and  utilization  of  power,  and  its  unlimiteil  applica- 
tions. If  he  justifies  his  selection  of  mechanical  en- 
gineering as  a  profession,  and  the  expense  involved  in  his 
college  education  here  at  the  University,  he  must  be 
capable,  first  of  all,  in  succe.ssfidh'  practicing  his  pro- 
fession as  a  mechanical  engineer. 

The  object  in  view,  therefore,  in  training  our  own 
Mechanical  Engineering  students  is  to  provide  the 
ground  work  or  fundamentals  necessary  for  the  future 
development  of  professional  practicing  engineers.  This 
ground  work  includes  the  study  of  the  natural  sciences, 
mathematics,  English,  one  or  two  foreign  languages,  and 
a  limited  number  of  strictly  engineering  subjects  in- 
tended to  give  the  student  .some  facility  in  applying 
theory  to  the  most  common  problems  in  his  particular 
field.  In  accomplishing  the  object  so  briefly  outlined 
above,  we  have  available  .something  less  than  M  months, 
interrupted  by  long  vacations. 

It  should  be  apparent  that  the  time  available  will 
permit  of  little  extension  of  the  curricvdum  into  other 
fields  of  knowledge,  valuable  as  these  other  subjects  may 
be,  without  sacrificing  the  basic  training  necessary  for  the 
future  mechanical  engineer  who  is  to  become  a  leader  in 
the  practicing  of  his  profession.  Unquestionably,  he 
would  be  a  better  engineer  if  these  other  subjects  could 
be  added  to  his  present  training,  but  they  cannot  be  suc- 
cessfull)  included  in  the  time  of  .^2  months  now  allotted 
for  the  H.  S.  degree  in   .Mecham'cal   Engineering. 

(lurriculuin : 

Since  the  progress  from  raw  material  (the  Higli 
School  graduate)  to  finished  product  (the  Univcrsit\ 
graduate)  must  be  rapid,  great  importance  attaches  to  the 
selection  of  the  proper  general  fundamental  subjects  of 
the  freshman  and  sophomore  years.  The  professional 
fundamental  subjects  of  the  junior  and  senior  years  and 
the  later  success  of  the  graduate,  deepnd  \er\'  largely 
upon  the  student's  iiorking  knowledge  of  these  general 
fundamental  subjects. 

The  selection  of  the  general  fundamental  subjects  for 
the  future  Mechanical  Engineer  is  a  surprisingh'  simple 
process,  and  the  list  is  brief. 
The  general  list: 

1.  Natural  Science — Physics  and  Chemistry. 

2.  Mathematics  through  the  Calculus. 

(Continued  on  Page  32) 
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The  various  positions  on  the  editorial  and  business  staffs  uill  be  announced  in 
the  November  issue. 

ASSISTANTS 

II.    .Vlkinsim,    S.    Henseotcr,    (!.    Bronson,   W.    Brooks,   J.    Brumley,    E.    Burke,    \V.    Compton,    H. 

Hunker,    W.   Evcrhart,   M.   CJoldberg,   J.   Kempston,   E.   Elman,    S.   Lipschultz,   D.   Mulvihill,   A. 

Nauman,  R.  Stewart,  E.  Whittaker,  J.  Wild. 


New  Techno^raph  Policies 

We  would  like  to  call  attention  to  what  we  believe 
are  some  very  important  innovations  in  the  Technograph. 

The  fir.st  innovation  i.s  the  increase  in  student-written 
articles,  two  of  the  three  features  in  the  current  issue 
being  by  undergraduates.  One  of  these  articles  is  a  re- 
port of  an  engineering  jiuiior's  summer  experience;  the 
other  consists  of  exerpts  from  a  prize-winning  article  in 
the  line  of  historical  research.  Such  contributions  are  to 
make  up  the  bidk  of  the  reading  matter  of  the  Techno- 
graph this  year. 

The  second  innoxation  is  our  informally  conducted 
"Know  Illinois"  campaign  of  which  the  contributions  of 
the  various  ilepartments  heads  form  the  first  installment. 
We  hope  this  will  be  of  particular  value  to  the  incoming 
freshmen,  but  it  is  our  belief  that  quite  a  few  upperclass- 
men  may  profit  as  well.  This  article  will  be  followed  by 
others  covering  such  things  of  local  interest  as  the  en- 
gineering library,  the  university  power  and  heating  sys- 
tem, and  the  repaving  of  Wright  street. 

Third,  we  want  the  Technograph  to  prove  in  some 
small  measure  to  be  a  tool  for  the  cultural  molding  of 
the  engineering  student  body.  Our  curriculum  is  (neces- 
sarily) very  full  of  integral  signs  and  stress-strain  curves, 
and  the  implication  implanted  very  firmly  in  the  student 
mind  is  that  engineering  began  with  Sir  Isaac  and  Rene 
D.,  and  that  those  who  preceded  them  labored  in  error 
and  to  no  avail.  We  are  not  advocating  any  such 
measures  as  the  Latin  "mental  discipline"  of  a  generation 
ago,  but  we  do  believe  that  our  chosen  profession  has  so 
rich  and  inspiring  a  background  (extending  into  a  past 
whose  time-distance  has  already  been  lost  to  man's  knowl- 
edge), that  it  is  an  luifortunate  graduate  indeed  who  has 
not  gone  for  at  least  an  occasional  stroll  along  the  byways 
of  engineering  history.  With  that  in  mind  articles  will 
appear  from  time  to  time  dealing  with  engineering  of 
the  past — Paul  Evans'  article  in  this  i.ssue  deals  with  the 
work  of  architects  of  a  long-dead  civilization  and  is  the 
first  of  this  series. 

To  carry  a  bit  further  our  cultural  aim,  the  cover 
will  carry  each  month  a  pen  sketch  of  some  great  en- 
gineering achievement  of  the  past,  and  the  artist  who 
prepares  it  is  to  provide  in  addition  a  brief  description  of 
the  subject  of  his  study.  The  October  cover  depicts  a 
part  of  the  Roman  Coliseum,  described  elsewhere  on  this 
page. 


But  we  are  not  going  to  become  bearded  history  pro- 
fessors or  archaeologists.  The  greater  part  of  our  con- 
tributions will  consist  of  both  technical  and  non-technical 
reports  of  current  engineering  projects,  researches,  and 
inspection  trips.  We  are  striving  for  a  pleasing  balance 
in  subject  material  that  will  make  our  magazine  of  in- 
terest to  everv  Illini  engineer. 


The  Purpose  of  Tan  Beta  Pi 

Tau  Beta  Pi  is  an  organization  founded  to  mark,  in  a 
fitting  manner,  those  who  have  conferred  honor  upon 
their  alma  mater  by  distinguished  scholarship  as  under- 
graduates, or  by  their  attainments  as  alumni. 

In  addition,  an  aim  of  the  local  chapter  this  coming 
year  is  to  seek  some  way  in  which  the  students  of  the 
various  departments  of  the  College  of  Engineering  may 
become  more  familiar  with  the  work  being  done  in  de- 
partments other  than  their  own.  To  this  end  we  are 
endeavoring  to  find  men  of  worth  to  give  addresses  at 
the  social  meetings  of  the  year.  It  is  hoped  that,  in  addi- 
tion to  the  benefit  derived  from  the  talks  themselves,  the 
members  and  friends  of  the  organization  may  thus  be 
drawn  into  closer  contact. 

We  are  attempting  also  to  derive  more  pleasure  and 
social  contacts  from  our  meetings.  It  is  true  that  the 
engineer  has  little  time  to  spend  upon  extra-curricular 
activities,  but  this  year  Tau  Beta  Pi  includes  in  its  mem- 
bership the  student  colonel,  a  varsity  cheerleader,  a  mem- 
ber of  the  varsity  track  team,  and  the  senior  track  man- 
ager. Thus  it  may  be  seen  that  if  so  inclined  an  engineer 
may  derive  some  measure  of  enjoyment  aside  from  neces- 
sary pursuit  of  knowledge. 

If,  then,  Tau  Beta  Pi  shall  have  any  message  for  the 
students  of  the  college  of  engineering  it  is  the  hope  that 
they  shall  seek  to  become  more  closely  linked  to  the  stu- 
dents in  other  departments,  and  that  they  shall  endeavor 
to  broaden  their  activities  in  such  a  way  as  to  obtain 
more  benefit  so  vitally  from  their  college  work. 

(^ne  business  meeting  has  already  been  held.  A  social 
meeting,  open  to  the  university  public,  is  schedided  for 
October  22,  to  be  followed  by  business  meetings  on  No- 
vember 5  and  19.  AH  meetings  will  be  at  7:00  p.  m., 
the  place  to  be  announced  later. 

P.AUL  EvAXS,  President. 
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Seventy-Five  Dollars  for  Etigiiwering 
Essays 

Announcement  has  been  made  of  the  annual  Schacfcr 
prize  competition  for  the  best  essay  on  an  engineering 
subject  by  an  undergraduate  student  of  the  engineering 
school.  The  Technograph  reprints,  below,  the  rules  of 
the  contest,  and  adds  an  urgent  appeal  that  its  readers 
consider  seriously  the  advantages  to  be  gained  by  enter- 
ing the  competition. 

IVIr.  John  V.  Schaefer,  president  of  the  Cement  Gun 
Construction  Company,  Chicago,  offers  a  first  prize  of 
$50.00  and  a  second  prize  of  $25.00  for  the  best  two 
papers  by  students  of  the  University  of  Illinois,  describing 
some  practical  engineering  experience.  The  following 
are  the  conditions  governing  the  competition : 

The  writer  must  be  a  student  of  the  University  of 
Illinois  beyond  his  freshman  year  in  the  College  of  En- 
gineering, and  he  must  present  his  paper  early  in  Janu- 
ary.    No  student  can  receive  the  prize  more  than  once. 

The  essay  must  describe  an  engineering  project  on 
which  the  writer  has  been  personally  engaged,  and  shall 
be  accompanied  by  photographs  and  drawings  made  by 
the  writer.  The  paper  submitted  must  be  one  which  has 
been  written  expressly  for  the  competition.  A  copy  of  a 
report  or  similar  material  which  has  served  another  pri- 
mary purpose  will  not  be  accepted.  Most  of  the  articles 
appearing  in  the  technical  journals,  for  instance,  the  En- 
gineerhig  NciL's-Record.  are  examples  of  the  type  of 
paper  best  suited   for  the  competition. 

The  essay  must  contain  not  less  than  1,500  words 
nor  more  than  2,500  words,  and  it  must  be  written  by  the 
contestant  himself  either  in  legible  longhand  or  on  a 
typewriter.  No  amanuensis  or  stenographer  may  be  em- 
ployed. It  is  to  be  written  on  one  side  of  standard 
85^x11  letter  size  paper,  with  1/4"  margin  on  the  left. 
Each  essay  must  show  the  name  and  address  of  the  writer. 

The  papers  will  be  graded  by  three  judges  to  be 
appointed  by  the  Dean  of  the  College  of  Engineering. 
In  making  the  awards,  consideration  will  be  given  to 
diction,  grammar,  spelling,  logical  arrangement,  com- 
pleteness of  description,  excellence  of  sketches,  drawings, 
and  photographs,  and  accuracy  of  detail. 

Papers  must  be  submitted  to  the  Dean  of  the  College 
of  Engineering  not  later  than  5  P.  M.  on  Wednesday, 
January  7,  1931.  The  awards  will  be  made  during  the 
second   semester. 


New  Office  for  A.  S.  C.  E. 

The  local  student  branch  of  the  American  Societ>'  of 
Civil  Engineers  has  opened  an  office  at  318  Engineering 
Hall,  and  enters  the  1930-31  school  year  with  the 
largest  enrollment  of  any  student  chapter  of  that  organi- 
zation in  the  United  States. 

Three  regular  meetings  and  a  smoker  ha\e  alreadx 
been  held.  On  September  22  Billings  Wilson  of  the  Port 
of  New  York  Authority  was  the  speaker.  The  smoker 
was  the  night  of  September  25,  in  the  parlors  of  the 
L'nion  building.  J.  F.  Coleman,  president  of  the  Ameri- 
can Society  of  Civil  Engineers,  spoke  on  "Difficidtics  in 
Foundation  Work  in  New  Orleans"  at  the  September  26 
meeting.  C.  E.  Cjrunsky  of  San  Francisco,  president  of 
the  Engineering  Council  and  past  president  of  the 
A.S.C.E.,  spoke  on  "Flood  Control"  October  8. 

Prominent  speakers  scheduled  for  the  near  future  are 
Maj.  Wm.  Bowie  of  the  Coast  and  Geodetic  Survey;  G. 
H.  Finkle,  who  will  speak  on  the  Detroit  water  supply; 
F.  T.  Sheets,  head  of  the  Illinois  state  highway  depart- 
ment, and  Olie  Sengstadt,  who  will  tell  of  interesting 
features  of  the   Holland   tunnel. 


The  Cover  Picture — Riiitis  of  the 
Colosseum 

By  far  the  most  overpowering  and  complex  example 
of  Roman  engineering  prowess  that  remains  in  a  fair 
state  of  preservation  today  is  the  Flavian  Amphitheatre, 
more  popularly  known  as  the  Colosseum.  With  respect 
to  circulation  and  vision,  the  design  compares  favorably 
with  the  most  recent  stadia  of  the  present  day;  and  in  its 
capacity  for  spectators  it  has  been  surpassed  by  only  a 
few  of  the  most  modern  structures. 

The  Colosseum  is  of  a  type  unique  among  ancient 
buildings.  The  structural  prTablems  involved  were  en- 
gineering in  character,  primarily  because  the  Romans 
built  up  this  enormous  edifice  without  that  extraneous 
support  which  the  Greeks  secured  in  theatre  building,  by 
scooping  the  auditorium  out  of  the  earth.  In  this  venture 
of  the  Romans  is  an  entirely  new  departure  made  possible 
by  the  invention  and  use  of  concrete,  which  they  employed 
not  only  in  the  corridors  and  cells,  even  under  the  arena 
itself,  but  also  in  the  multitudes  of  raking  vaults,  which 
formed  the  almost  indestructible  foundations  of  each  of 
the  four  tiers  of  seats  reared  one  above  the  other  in  a 
great  ellipse,  to  the  crowning  colonnade. 

The  construction  is  notable  for  the  skillful  combina- 
tion of  materials,  according  to  the  purpose  to  which  they 
were  applied.  The  component  parts  of  the  concrete  vary 
thus:  I.  lava  was  used  for  solid  foundations,  II.  tufa 
and  brick  for  the  supporting  walls.  III.  pumice  stone  for 
the  vaults  to  reduce  their  weight.  Travertine  blocks,  set 
without  mortar  and  held  together  with  metal  cramps, 
were  used  in  the  facade,  while  marble  was  employed  for 
the  columns,  scats,  and  ornament. 

The  supporting  mass  has  been  calcuhiteil  to  occupy 
as  much  as  one-sixth  of  the  whole  area  of  the  building, 
and  consists  of  wedge  shaped  piers,  radiating  inwards  and 
supporting  concrete  vaults  sloping  downwards  towards 
the  center,  all  producing  a  structure  of  great  inherent 
strength,  difficult  to  destroy.  It  stands  today  as  one  of 
the  best  preserved  of  the  Roman  ruins. 


A  New  Bulletin  Board 

An  entirely  new  publication  for  engineers  appears  on 
the  campus  this  year — the  monthly  Technograph.  In 
previous  years  the  quarterly  issues  have  had  compara- 
tively little  of  interest  for  the  average  student  because 
the  wide  gaps  between  them  made  it  impossible  to  use 
the  magazine  for  notices  or  accounts  of  current  happen- 
ings. 

This  >ear,  with  an  issue  appearing  the  tenth  of  each 
calendar  month  during  the  school  year,  the  Technograph 
is  making  a  special  effort  to  carry  a  running  account  of 
engineers'  activities.  The  A.S.M.E.,  A.S.C.E.,  A.I.E.E., 
railway  engineering  club,  and  all  other  professional  and 
honorary  engineering  organizations  on  the  campus  are 
urged  to  use  our  columns  for  whatever  publicity  they  de- 
sire. Announcements  of  meetings,  smokers,  elections,  and 
imtiations  carried  in  the  departmental  notes  of  the 
Technograph  will  circulate  among  all  those  interested 
and  receive  considerably  more  attention  than  a  similar 
notice  posted  on  a  bulletin  board.  We  are  also  glad  to 
publish  news  stories  following  these  various  events — 
write-ups  of  speeches,  and  so  forth. 

If  our  staff  fails  to  reach  yoiu'  organization  some 
month,  see  that  we  are  notified  at  once  and  a  regular 
reporter  will  be  assigned  to  cover  its  activities.  We  want 
to  become  an  efficient  medium  for  spreading  campus 
news. 
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U\s  AvKV,  m.c.  '10,  i^  one  iit  the  newly 
elected  officers  of  the  Cleveland  Illiiii 
club,  serving  as  vice-president.  He  is 
the  editor  of  the  Foundry.  Two  other  en- 
gineers are  members  of  the  executive  com- 
mittee, Envvis'  L.  CoNNEi.i,,  e.c.  '12,  and 
\V.  F.  CioiTRA,  c.e.  '«3.  Connell  is  chief 
engineer  of  the  \'an  Horn  Electric  Tool 
company  and  (Joltra,  manager  and  dealer 
in  railroad  tics,  lumber,  and  railroad  con- 
struction. 


C.  J.  Johst 


Dan  ./■!'(■  >' 


(George  J.  Jobst,  c.e.  '97,  widely  known 
Peoria  contractor,  civic  leader  and  cap- 
italist, died  May  10,  following  an 
emergency  operation  and  was  buried  the 
following  Wednesday  with  funeral 
services  at  the  Scottish  Rite  Cathedral 
there.  He  was  considered  the  wealthiest 
man  in  Peoria  and  was  widely  known  for 
his  philanthropies. 

Horn  September  27,  1875,  in  Peoria,  he 
attended  the  schools  there  and  entered  the 
University  to  study  civil  and  architectural 
engineering.  He  was  a  member  of  Tan 
Delta   Tau   fraternity. 

Following  his  graduation,  he  and  his 
brother,  Valentine,  Jr.,  were  taken  into 
the  contracting  firm  of  their  father, 
\'alcntine  Jobst,  which  then  became  \". 
Jobst  and  Sons.  They  erected  many  of 
the  larger  buildings  in  Peoria  throughout 
the  state,  including  the  Hotel  Pere  Mar- 
quette, Jefferson  hotel,  Scottish  Rife 
Cathedral,  Oakford  and  Fahnstock  ware- 
house. Commercial  Merchants  National 
Bank  and  Trust  company,  and  others  in 
Champaign,  Springfield,  Pekin,  (Jales- 
burg,  Jacksonville,  Davenport,  Inwa,  and 
Wichita.  Kansas. 

He  was  a  33rd  degree  Mason,  a  director 
of  the  Peoria  An  institute,  trustee  of 
Hradley  institute,  and  a  member  of  vari- 
ous philanthropic  hoards,  a  director  and 
official  of  the  C\)mmercial  Merchants 
National  Bank  and  Trust  company,  .Allied 
Mills  company,  Peoria  Terminal  railroad, 
Central  Illinois  Light  company,  Avery 
Power  and  Machinery  company,  and  the 
Journal-Tran.uripl  company,  was  one  of 
the  organizers  of  the  .American  Milling 
company,  and  a  director  of  the  Chicago, 
Rock   Island  and   Pacific  Railroad. 


W.  1..  V.i;\,  m.e.  '94,  is  with  the  firm  of 
W.  and  L.  E.  Gurley,  of  Troy,  New 
^'ork,  manufacturers  of  surveying  instru- 
ments. He  formerly  was  employed  at  the 
Pittsburgh  station  of  the  United  States 
Bureau  of  Mines. 


Recent  promotions  of  members  of  the 
faculty  of  the  College  of  Engineering  in- 
clude that  of  T.  E.  O'DoNNELL,  arch.  '13, 
to  be  associate  professor  of  architecture, 
C.  C.  WiLEv,  c.e.  '04,  and  T.  C.  Shedd, 
c.e.  '25,  associate  professors  of  civil  en- 
gineering, J.  O.  Kraehenbuehi,,  e.e.  '26, 
assistant  professor  of  electrical  engineer- 
ing, W.  N.  Espy,  m.e.  '27,  assistant  pro- 
fessor in  mechanical  engineering,  and  N. 
E.  Ensign,  m.e.  '11,  and  W.  J.  Putnam, 
m.e.  '10,  associate  professors  in  theoretical 
and  applied  mechanics. 


Albert  J.  Harris,  e.e.  '08,  is  division 
engineer  for  the  Pacific  Telephone  and 
Telegraph  company,  140  New  Mont- 
gomery,  San   Francisco. 


Ci.A-sTON  S.  Nichols,  c.e.  '20,  is  as 
sistant  manager  of  the  Concrete  Engineer 
ing  company,  Omaha,  Nebraska. 


TuRNEV  E.  Buck,  m.e.  '06,  chief  en- 
gineer for  Armour  and  Company,  Chi- 
cago, has  been  for  the  last  twelve  years 
a  designer  and   builder  of  steel  mills. 


Ira  W.  Fisk,  m.e.  '09,  of  the  firm  of 
Fisk  and  Roberts,  consulting  engineers,  82 
Beaver  street.  New  York,  has  been  re- 
tained by  the  public  service  commission 
of  the  state  of  New  Jersey  to  make  an 
appraisal  of  the  bus  equipment  of  the 
Public  Service  Co-ordinated  Transport  of 
New  Jersey.  This  company,  \vhich  runs 
2  300  buses,  probably  is  the  largest  opera- 
tor in  the  United   States,  if  not  the  world. 


E.  S.  Pewkraker,  rv.e.  '10,  is  principal 
assistant  engineer  with  the  Texas  antl 
Pacific  railway  and  is  located  at  Dallas, 
Texas. 


William  M.  Willett,  e.e.  '97,  is 
general  manager  for  the  Western  United 
Electric  company,  .'\urora,   Illinois. 


Benjamin  A.  Brackexbi'rv,  ry.e  '10,  is 
now  a  major  in  the  chemical  warfare  de- 
partment. He  specialized  in  railroad  en- 
gineering after  graduation  but  later  did 
municipal  work  at  Spokane,  Washington. 
He  worked  on  public  service  and  railroad 
commissions  until   the  war. 

Commissioned  as  a  captain  of  engineers 
and  sent  to  France,  he  took  part  in  some 
of  the  maior  actions  about  Belleau  Wood, 
San  Mihiel,  and  the  .'\rgonne.  .'\fter  the 
armistice,  he  was  with  the  Rhine  occupa- 
tion army  and  at  the  U.  S.  .^rmy  uni- 
versity. 

After  returning  to  the  United  States, 
he  \vent  back  into  civil  work,  but  in  1920 
he  was  commissioned  major  in  the  chem- 
ical warfare  service.  He  is  chemical  war- 
fare officer  for  the  Hawaiian  department 
and  is  stationed  at  the  headquarters  at 
Honolulu. 


-Additional  information  has  been  ob- 
tained in  regard  to  Peier  Junkersfield, 
e.e.  '95,  nationally  known  engineer  of  New- 
York,  whose  death  was  recorded  in  the 
May  issue  of  Tcdinograph.  Starting  in 
with  the  Edison  interests  he  was  suc- 
cessively, machinists'  helper,  relief  engine 
oiler,  dynamo  tender,  switchboard  opera- 
tor, draughtsman,  assistant  mechanical  en- 
gineer, head  of  the  engineering  depart- 
ment, electrical  engineer,  and  assistant 
vice-president  in  charge  of  contract, 
operating,  construction,  and  electrical  de- 
partments. He  aided  in  installing  and 
operating  the  first  rotary  convertor  to  be 
used    in   the   Chicago  system. 

In  1899  he  supervised  the  design  and 
installation  of  what  is  belie\'ed  to  ha\'e 
been  the  first  four-wire,  three-phase, 
sixty-cycle  system  for  primary  distribu- 
tion in  this  country  at  the  56th  street 
Hyde  Park  stations  of  the  Chicago  Edison 
company  in  1900,  the  first  three-phase 
line  in  Central  station  service  to  power 
customers  in  Chicago,  from  the  Lake 
View  station;  in  1901  what  is  thought 
to  have  been  the  first  double  current  en- 
gine driven  25-cycle  three-phase  alterna- 
tor for  supplying  current  for  elevated 
railway  service  from  a   lighting  system. 

In  1902-3  he  had  charge  of  the  electrical 
design  and  general  construction  details  for 
the  Chicago  Edison,  of  three  5000  K.  W. 
Curtis  Steam  Turbo  Generating  units  for 
the  Fisk  street  station,  then  the  largest  of 
their  type,  one  of  which  is  now  preserved 
at  the  General  Electric  Schenectady  works 
as  a  treasured  relic. 

On  leave  from  Chicago,  Junkersfield 
spent  two  months  of  1903  at  St.  Louis, 
in  an  advisory  capacity,  for  the  Union 
Electric   Light  and   Power  company.. 


Junkn-sjicld 


Bratkcnhury 


Junkersfield  was  the  author  of  many 
technical  papers,  amongst  them  his 
"Multiple  vs.  Independent  Operation  of 
Power  Plants"  in  1901,  "Periodic  Inspec- 
tion of  Steam  Turbines"  in  1907,  "Effect 
of  Load  Factor  on  Steam  Station  costs"  in 
1921,  "Obsolescence  as  a  Factor  in  Design 
of  Steam  Generating  Stations"  in*  1923, 
and  "General  Review  of  Current  Practice 
in  Steam  (Jenerating  Stations"  in  1924, 
the  last  mentioned  having  been  presented 
before  the  First  World  Power  conference 
at   London,   England, 


Oitohi-r.   1930 


THE  TECHNOGRAPH 


25 


JoEi.  R.  Sayler,  m.e.  '97,  of  Scranton, 
Pennsylvania,  dropped  dead  May  21,  at 
the  eleventh  tee  of  the  Irem  Temple 
country  club,  near  Wilkes-Barre.  His 
death  was  due  to  a  heart  attack,  brought 
on  by  climbing  a  steep  hill  to  tenth  hole. 
Born  on  July  5,  1S69,  at  Yuba,  Michigan, 
he  attended  local  schools  and  the  Travers 
City  high  school.  He  worked  fty  the  Chi- 
cago and  Alton  railroad,  the  Allis 
Chalmers  company,  and  from  1901  until 
his  retirement  recently  was  a  mining  en- 
gineer for  the  Hudson  coal  company  of 
Scranton. 


H.  B.  WniTNEv,  c.e.  '20,  recently  was 
appointed  division  traffic  superintendent 
in  Maryland  for  the  Chesapeake  and 
Potomac  Telephone  company,  in  which 
capacity  he  has  charge  of  all  the  traffic 
work  of  the  firm  outside  of  Baltimore. 
He  began  telephone  work  in  1924,  was 
soon  made  traffic  inspector,  and  was  ap- 
pointed traffic  superintendent  at  Wash- 
ington in  1926.  He  went  to  Roanoke, 
Virginia,  in  1928  as  traffic  superintendent 
and  later  to  Richmond  as  local  traffic 
supervisor. 


Fred  A.  Lorenz,  m.e.  '09,  is  the  general 
manager  of  the  American  Steel  Foundries. 
He  started  with  Chicago  and  North- 
western railroad  and  his  first  job  with 
his  present  company  was  that  of  assistant 
to  the  fourth  vice-president.  He  is  active 
in  club  and  community  affairs  in  Chicago 
and  holds  a  major's  commission  in  the 
armv. 


B.  B.  Seymour,  min.e.  '21,  is  connected 
with  the  Franklin  County  Mining  com- 
pany,  Benton,   Illinois. 


Ernest  R.  Troche,  m.e.  '25,  is  with 
Western  Electric  and  is  located  at  Balti- 
more,  Ohio. 


iniliam  Hubbard 

Wii-i.iAM  Hubbard,  e.e.  '72,  died  May 
22  at  Elgin  at  the  age  of  eighty.  He  was 
the  first  electrical  engineering  student  in 
the  I'nivcrsity.  He  was  a  pioneer  in  the 
telephone  field  and  in  recent  years  had 
shown  an  e.\hibit  of  early  telephone 
equipment  throughout  the  country.  Re- 
cently he  had  become  interested  in  radio. 
He  was  an  enthusiastic  amateur  photogra- 
pher. Upon  leaving  the  I'niversity,  he 
became  the  first  telegraph  operator  in 
Oreelev,   Colorado. 


Randolph    EiJe 

Randolph  Eide,  e.e.  '10,  was  recently 
elected  president  of  the  Ohio  Bell  Tele- 
phone company.  He  had  been  for  two 
years  vice-president  in  charge  of  opera- 
tions, and  before  that  was  general  man- 
ager, general  traffic  superintendent.  He 
began  in  telephone  business  a  year  after 
he  graduated  as  a  traffic  student  with  the 
New  York  Telephone  company.  He  fol- 
lowed this  with  various  jobs  with  the 
Southern  Bell,  St.  Louis,  and  Michigan 
Bell,  Detroit,  before  going  to  Ohio.  In 
May,  1917,  he  became  general  traffic 
superintendent  for  the  former  Central 
I'nion   at   Columbus. 


A.  S.  (iRAVEN,  arch.  '17,  was  the  de- 
signer of  the  new  Minnesota  theater  at 
Minneapolis.  Others  of  his  design  include 
the  Fisher  theater  of  Detroit  and  the 
Tennessee  of  Knoxville.  He  has  also 
planned  some  general  office  buildings  of 
which  100  North  I.aSalle,  Chicago,  in 
which   he  has  his  office,   is   an  example. 

.■\fter  leaving  the  I'niversity  he  spent 
two  years  in  the  navy,  and  then  went 
to  work  for  the  L.  E.  Rogers  Engineering 
company  at  Chicago.  He  was  with  Mar- 
shall and  Fox,  architects,  for  a  time. 
After  some  experience  with  C.  W.  and 
C;.  L.  Rapp,  arch  .'99,  noted  theater  archi- 
tects,  he  formed   his  own   firm. 


Joseph  T.  Gt.eick,  e.e.  '23,  is  now  at 
the  Hawthorne  works  of  Western  Electric 
as  an  engineer  in  the  cost  reduction 
division.  Before  coming  to  Chicago,  he 
had  been  with  the  Curtiss-Robcrtson  Air- 
plane Manufacturing  company,  near  St. 
I-ouis. 


Beriram  James  CiRIGsbv,  e.e.  '08,  is  the 
head  of  CJrigsby-tJrunow,  makers  of  the 
Majestic  radio.  The  Cfrigsby-Grunow 
company  began  in  1921  with  a  $37,500 
capital  and  the  detennination  to  "manu- 
facture something,"  says  an  article  in 
Forlunf.  The  firm  was  first  known  as 
Grigsby-(irunow-Hinds,       and       included 


Cirigsby's  younger  brother,  but  the  latter 
and  Hinds  withdrew  when  the  company 
was  a  million  dollars  in  debt,  following 
the  over-production  of  automobile  sun- 
visors.  The  resourceful  (jrigsby  and 
(jrunow  melted  them  up  into  radio  horns 
and  so  their  first  venture  in  radio  began. 
These  horns  went  well  until  superseded 
by  cones.  Then  for  some  time  the  com- 
pany manufactured  a  B-eliminator  for 
radio  sets,  many  of  which  are  still  in  use. 

In  1927  radio  manufacturers  began 
building  eliminators  and  speakers  into 
their  sets  and  the  market  for  "Majestic  B" 
dwindled.  Then  the  firm  decided  to  build 
their  own  complete  radio  set,  eliminator 
and  all,  and  from  that  time  the  CJrigsby- 
(Jrunow  company  has  grown  and  pros- 
pered. Of  course,  there  have  been  inter- 
ruptions. A  bad  fire  almost  cleaned  the 
business  out  just  at  its  peak  of  production, 
when  the  12,700  employees  were  turning 
out  6,000  sets  a  day.  The  market  crash 
last  fall  brought  down  the  stock  from 
$1  100  a  share  to  $250 — however  it  was 
only  worth  $25  in   1927. 

(Irunow  is  the  "explosive  profane 
driver,"  the  Fortune  says,  "posting  pla- 
cards, 'Don't  Begin  to  Think  You're 
CJooJ,'  pushing  production  to  above  6,000 
sets   a   day." 

Grigsby,  "slight  uncommunicative 
financier  with  a  leathery  face,  deeply 
lined,  and  a  bald  dome  of  a  head,  leaves 
all  ferment  to  his  partner.  In  the  Grigs- 
by-Cirunow  company  he  devotes  himself 
to  finances."  He  came  to  the  University 
from  Peoria  and  he  now  lives  in  Park 
Ridge  near  Chicago. 

E.  E.  Barreit,  m.e.  '93,  was  one  of  the 
men  which  the  Alumni  association  recom- 
mended to  the  Republican  convention  for 
nomination  for  University  trustee.  He  is 
president  of  the  Roberts  and  Schaefer 
company,  manufacturers  of  coal-handling 
machinery.  He  was  formerly  president  of 
the  .\lumni  association. 


E.  E.  Barrel! 
The  Kawneer  company,  of  which  F.  J. 
Pi.YM,  arch.  '97,  is  president,  recently  pur- 
chased the  Zouri  Drawn  Metals  company 
which  has  a  large  plant  in  Chicago 
Heights,  making  drawn  moldings  of  every 
description,  and  also  bought  out  the  Adel- 
bert  Coleman  plant  in  Chicago,  making 
the  Kawneer  organization  able  to  produce 
materials  in  rolled,  extruded,  or  bronze 
metal.  The  Coleman  plant,  one  of  the 
largest  of  its  kind  in  the  country, 
furnished  the  bronze  work  for  the  Stevens 
hotel.  Continental  Bank  building.  Union 
station,  Wrigley  building,  and  others. 
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Frederick  K.  \'i.\i.,  m.e.  '85,  vice- 
president  and  chief  ciiKineer  of  the 
(iriffin  Wheel  company,  with  offices  in 
the  WriKley  IniildinK,  Chicago,  was  the 
subject  of  an  article  in  the  Grifjin-liulli- 
tin  for  December,  1928.  It  reads  as  fol- 
lows: 

"Many  Griffin  men  have  watched  with 
interest  the  marvelous  development  of  the 
Griffin  Wheel  company,  not  only  in 
product,  but  likewise  in  the  manufacture 
of  it. 

"When  we  pause  to  reflect  and  ask 
ourselves  were  all  these  improvements  the 
collective  results  of  many  minds  or  were 
they  the  product  of  a  genius  in  engineer- 
ing and  metallurgy,  we  find  that  many 
in  our  organization  have,  of  course,  had  a 
part  in  our  development.  There  is  no  one 
person,  however,  in  the  (Iriffin  organiza- 
tion who  individually  has  created  more 
for  the  bettering  of  our  product,  working 
methods,  and  the  simplifying  of  processes 
than  our  vice-president  and  chief  en- 
gineer, Frederick  K.  \'ial. 

"Born  on  a  farm  in  Lyonsville,  Cook 
county,  Illinois,  in  1864,  Vial,  after 
graduating  from  the  Tniversity  of  Illi- 
nois, was  successively  employed  by  the 
Atchison,  Topeka  and  Santa  Fc  Railway, 
the  Chicago  and  Alton,  and  the  Chicago 
and  Western  Indiana.  He  was  made  me- 
chanical engineer  for  the  Ajax  Froge 
company  in  1900,  and  two  years  later, 
June  1,  1902,  began  his  service  with  the 
CIriffin  Wheel  company  as  mechanical  en- 
gineer with  the  improvement  department, 
being  later  appointed  consulting  engineer, 
then  chief  engineer  in  charge  of  manu- 
facturing. On  February  5,  1917,  Vial  was 
elected  a  director,  and  on  June  22,  1917, 
vice-president. 

"Outstanding  among  his  accomplish- 
ments in  car  wheel  manufacturing  are: 
The  sand  blast  cleaner,  rotation  pitting, 
chill  rim  and  back  of  flange,  arch  plate 
wheel,  reinforced  flange,  molding  ma- 
chines, mechanical  molding  equipment, 
single  plate  wheel,  sulphur  control,  hot 
blast  cupola. 

"He  is  a  recognized  authority  on  car 
wheels  and  their  relation  to  service, 
having  given  in  his  lectures,  papers,  and 
books,  invaluable  scientific  data  relative 
to  the  manufacture  and  design  of  car 
wheels. 

"Vial  was  the  first  one  to  develop 
scientific  formulas  for  the  designing  of 
chilled  iron  car  wheels  to  meet  given 
service  conditions.  His  leadership  is 
recognized  throughout  America  and 
Europe.  In  recognition  of  his  services  the 
European  chilled  iron  industry  presented 
Vial  with  a  medal  of  special  design 
especially  inscribed  tn  him. 

"Doing  the  thing  that  cannot  be  done 
is  a  specialty  with  our  amiable  vice-presi- 
dent; the  development  and  construction  of 
the  hot  blast  cupola  is  a  pertinent  example 
of  this.  For  many  years  everyone  knew 
that  the  hot  blast  method  of  melting  with 
the  consequent  saving  in  fuel  could  not 
be  applied  to  a  cupola.  Then  Vial  worked 
out  a  plan  of  using  waste  cupola  gases  for 
preheating  the  blast,  built  a  cupola  and 
operated  it  successfully,  obtaining  20  per 
cent  to  30  per  cent  saving  in  fuel.  After  a 
representative  of  the  Patent  Office  at 
Washington,  who  was  positive  the  plan 
proposed  would  not  work  out  off  paper, 
actually  saw  the  cupola  in  operation  and 
the  resultant  saving  as  claimed,  basic 
patents  covering  this  valuable  invention 
were  issued. 

"Vial  has  lived  at  LaGrange,  Illinois, 
or  its  vicinity  during  his  entire  life,  and 
in  April  of  this  year  completed  twelve 
years  of  service  as  president  of  the  board 


of  education,  Lyons  Township  High 
school  district.  To  the  community  of 
which  he  has  for  years  been  an  honored 
citizen  he  gave  that  same  (juality  of 
sterling  service  that  characterizes  his 
record  \vith  our  company,  resulting  in  the 
building,  c()uiping  and  maiming  of  a  high 
school  capable  of  taking  care  of  the  needs 
of  a  rapidly  grawing  community  for 
many  years  to  come,  without  any  ap- 
preciable increase  in  the  taxable  cost  to 
the  community. 

"To  you,  Mr.  Vial,  we  offer  our  con- 
gratulations on  your  record  of  noble  and 
distinguished  service  to  our  company, 
your  community  and  mankind,  and  be- 
speak for  you  many,  many  years  of  happy 
association  together." 


F.    K.    rial 


Thomas   Crawford 


Thomas  Craw  ford,  e.e.  '94,  died  Tues- 
day, .\pril  29,  at  his  home  in  Clinton, 
Iowa,  following  more  than  a  year  of 
gradually   declining   health. 

He  was  born  in  Sterling,  Illinois,  No- 
vember 18,  1872.  Immediately  after  his 
graduation,  he  became  superintendent  of 
the  Sterling  Gas  and  Electric  Light  com- 
pany; in  1905  he  became  manager  of  the 
Clinton,  Iowa,  Gas  and  Electric  company, 
and  later  general  manager  of  the  Inter- 
state Power  company's  Clinton  plant, 
which  he  continued  to  serve  in  an  ad- 
visory capacity  for  a  year  after  his  fail- 
ing health   necessitated   his   resignation. 

He  was  a  member  of  the  Iowa  Electric 
association  and  of  the  Iowa  Gas  associa- 
tion, both  of  which  he  had  served  as 
president.  He  also  served  as  president  of 
the  Clinton  Chamber  of  Commerce  and 
the  Clinton  Rotary  club. 

As  a  director  of  two  of  the  banks  of 
Clinton  and  in  other  capacities  he  played 
an  important  part  in  the  business  life  of 
the  community.  He  was  also  vice-presi- 
dent of  the  Maquoketa  Light  and  Heat 
company,  of  which  his  brother,  Elmer, 
was  manager. 

During  his  University  life  he  was  presi- 
dent of  his  class  in  his  junior  year  and 
was  a  member  of  Sigma  Chi,  in  the  first 
group  after  the  ban  on  fraternities  was 
removed   in   1893. 


John  F.  Fisher,  c.e.  '90,  is  the  senior 
partner  of  the  firm  of  Fisher  and  Mc- 
Cann,  located  at  207-209  Dale  building, 
Danville.   Illinois. 


B.  V.  SwENSON,  e.e.  '93,  special  repre- 
sentative for  Barron  G.  Collier,  Inc.,  in 
electric-car  advertising,  is  the  author  of 
a  number  of  books  and  reports  on  various 
kinds  of  electric  testing,  including  a  two- 
volume  treatise,  "Testing  of  Electro-Mag- 
netic Machinery."  He  was  also  editor  of 
the  five-year  reports  of  the  American 
Electric  Railway  association.  He  lives  in 
New  York  city  at  the  Engineers'  club,  32 
West  40th  street. 


Fr.wk  W.  Woeltge,  e.e.  '26,  is  with 
the  Burlington  railroad  with  offices  in  the 
Federal  Commerce  Trust  building,  St. 
Louis,    Missouri. 


D.  P.  Ayres,  arch.  '29,  has  been  named 
winner  of  the  seventeenth  annual  compe- 
tition for  the  Francis  J.  Plym  fellowship 
in  architecture,  providing  study  and 
travel  abroad.  Ihe  subject  for  the  com- 
petition was  "a  building  for  the  exhibi- 
tion of  industrial  arts." 


L.  G.  kEUTWll.ER,  m.e.  '29,  son  of  Pro- 
fessor O.  A.  Leutwiler,  m.e.  '99,  is  with 
the  Barber-Greene  company  of  Aurora, 
manufacturers  of  material  handling  equip- 
ment. 


John  Fremont  Moore,  arch.  '77,  died 
March  30  at  his  home  in  Hood  River, 
Oregon.  He  was  born  June  30,  1854,  in 
Davenport,  Iowa,  and  was  educated  in  the 
schools  of  that  city.  Most  of  his  life  was 
spent  doing  architectural  work  in  Minne- 
apolis, Dubuque,  Iowa,  and  Los  Angeles. 
In  1908  he  went  to  Oregon  with  his 
sister  and  husband,  Mr.  and  Mrs.  H.  C. 
Evans,  and  spent  the  remaining  years  on 
a  fruit  ranch. 


Chari.es  H.  Nicolet,  c.e.  '81,  has  re- 
tired from  the  practice  of  engineering,  but 
continues  to  live  in  LaSalle,  Illinois. 


Howard  Cheney,  arch.  '12,  was  re- 
elected president  of  the  Chicago  chapter 
of  the  xAmerican  Institute  of  Architects 
at  the  annual  meeting  of  the  organization 
held   at  the   Cliff   Dwellers'   club. 


LoN  Green,  Jr.,  m.e.  '12,  is  president 
of  the  Accoustical  Construction  corpora- 
tion,   369    Lexington    avenue.    New    York 


Erwix  M.  Lurie,  c.e.  '14,  assistant  to 
the  commissioner  of  the  Associated  Metal 
Lath  Manufacturers,  Chicago,  has  been 
on  a  lecture  tour  of  all  the  important 
cities  on  the  Atlantic  coast  as  far  north 
as  Boston,  and  later  all  the  important 
lake  cities.  He  has  just  finished  "The 
Partition  Handbook,"  which  has  an  ex- 
cellent chapter  on  sound  proofing  and  ac- 
coustics. 


S.  I.  Rottm.ayer,  m.e.  '26,  is  secretary 
of  the  '26  m.e.'s  and  editor  of  their  class 
news  letter.  He  is  now  with  Samuel  R. 
Lewis,  Chicago,  consulting  mechanical  en- 
gineer. 


William  H.  Wehmeier,  e.e.  '04,  is 
supervising  engineer  for  the  Pacific  Tele- 
phone and  Telegraph  plant  at  Seattle, 
Washington. 


William  H.  Eiker,  c.e.  '06,  is  a  civil 
engineer  with  the  Chicago,  Burlington, 
and  Quincy  railroad,  located  at  Lincoln, 
Nebraska. 


Ernest  Stone,  e.e.  '25,  is  assistant 
superintendent  of  the  electric  meter  de- 
partment of  the  Central  Illinois  Light  and 
Power  company,   Peoria. 


Alfred  W.  Sikes,  e.e.  '26,  of  the 
Western  Electric  company,  has  been 
elected  to  the  executive  committee  of  the 
Chicago  chapter  of  the  American  Society 
for  Steel  Treating  for  the  year   1930-31. 


Frank  W.  Lauder,  min.e.  '28,  is  an  as- 
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Rate  of  Heat  Transfer 

(Continued  from  Page  16) 
of  test  data,  this  gave  the  total  losses  in  an  approximate 
way,  and  the  efficiency  then  being  known,  the  correction 
factor  to  be  used  on  the  coal  rate  was  taken  from  the 
chart.  In  this  way  the  fuel  consumption  was  more  ac- 
curately determined  than  would  otherwise  have  been 
possible.  From  this  figure  and  the  pounds  of  gas  per 
pound  of  coal  the  average  weight  of  gases  traveling 
through  each  tube  was  obtained. 


The  expression  used  for  the  rate  of  heat  transfer  in 
the  tubes  is  ordinarily  derived  by  equating  the  weight  of 
gas  per  unit  time  times  the  specific  heat  times  ^/O  (the 
change  in  temperature  of  the  gases)  to  the  weight  of  the 
gas  per  unit  time  times  the  conductivity  times  6  (which 
is  Tg — T„ )  times  the  surface  dx,  which  is  exposed  to  the 
gases.  Stated  in  differential  form  and  taken  between 
limits  we  then  have 


which  gives 

log  fi.,  —  log  %^=Cx. 
But  conductivity,  specific  heat,  etc.,  do  not  vary  directly 
as  6   or  d6,   as  is   commonly  assumed,   and   the   rate   of 
change  may  be  expressed  more  approximately  correct  by 


de 


i.  e.,  changes  directly  with  the  drop  in  temperature  and 
indirectly  with  the  range  of  temperature  so  that  we  have 

0=6'  {log  T^-log  7'„.). 
From  these  two  expressions  the  following  equation  is  de- 
rived : 

log  log  (T,/T^.)—log  log  (rjT„)=Mx. 
where  Tj  is  the  temperature  of  the  gases  entering  the 
tubes,  T^  is  the  exit  temperature,  Tw  is  the  wall  tempera- 
ture which  was  not  measured,  but  taken  for  a  steam 
temperature  of  212°  F.  as  215°  F.  throughout  all  calcu- 
lations, X  is  the  length  of  tube  in  feet,  and  M  is  the  co- 
efficient of  heat  transfer.  Curve  V  (d)  shows  the  equa- 
tion plotted  to  give  a  curv'e  for  each  value  of  M. 

The  value  of  M  depends  on  a  number  of  changes  in 
the  properties  of  the  gas  and  on  the  conductivity  of  the 
metal  and  films  expressed  in  terms  of  length,  tempera- 
ture and  flow.  The  common  assumption  that  these  prop- 
erties change  as  0  changes  is  corrected    by  making    the 


above  substitution  for  0,  that  is,  a  quantity  which  ex- 
presses the  change  in  the  properties  with  the  changes  in 
the  condition  of  both  walls  and  gas  more  closely  than  the 
value  of  0  derived  by  subtracting  the  wall  temperature 
from  the  gas  temperature. 

The  use  of  this  form  of  calculation  simplifies  the 
method,  but  can  be  favorably  compared  to  results  ob- 
tained by  formulae  of  the  type 

hd/k=^C,  [dvC/u]'    [u(:t>/kY 
in  which  the  quantities  that  vary  with  T  are  substituted 
for  T,  and  the  actual  relation  of  values  of  the  gas  prop- 
erties used  to  determine  numbers  similar  to  our  values 
of  M. 

Formulae  of  the  type  shown  above  are  useful  to  corre- 
late data  in  determining  the  critical  velocity  where  turbu- 
lent instead  of  streamline  flow  may  occur  as  will  be 
sliown  a  little  later. 

Values  of  M  based  on  the  temperature  drop  through 
the  tubes  were  plotted  against  the  computed  rates  of  flow 
already  determined,  and  the  two  curves  V  (a)  and  V 
(b)  obtained.  In  order  to  determine  a  possible  basis  of 
comparison  between  the  2"  and  3"  tubes,  curves  based 
on  the  former  were  drawn  to  show  flow  per  square  inch 
of  area,  flow  per  inch  of  perimeter,  and  flow  per  inch 
of  hydraulic  radius.  These  curves  are  designated  W  A, 
\\'  P,  and  WP/A,  respectively.  These  curves  were  re- 
pioduced  on  Curve  V  (b),  and  then  curves  for  flow  in 
tlie  3"  tubes  drawn  with  them  as  a  basis.  The  best  com- 
parison seems  to  be  that  based  on  cross  sectional  area. 
It  may  be  noted  for  the  3"  tubes  that  the  curves  W/A, 
and  WP  A  are  identical  when  they  are  based  on  the 
same  curve ;  the  coincidence  of  the  two  may  be  proved 
algebraically  also. 

Although  a  single  curve  had  been  used  to  satisfy  the 
plotted  values  of  M  and  W,  it  was  found  that  when 
plotted  on  logarithmic  paper  (Curve  V  (c)  )  two 
straight  intersecting  lines  were  necessary.  The  lower 
line  represents  a  condition  of  stream  line  flow  of  the 
gases,  the  upper  line,  a  turbulent  flow,  and  between  the 


Cur-ve  lb 

two  is  a  critical  region  where  both  conditions  may  exist. 
This  is  a  common  phenomena  in  the  flow  of  fluids,  both 
liquid  and  gaseous,  and  the  indication  of  this  critical 
point  in  our  data  compares  with  that  found  with  the 
type  of  formula  mentioned  previously.  Calcidated  ac- 
cording to  Cox  (A.  S.  M.  E.  Transactions,  1928)  the 
critical  point  occurs  when  WF/1226  d=12.3  to  40, 
where  W  is  the  weight  of  fluid  per  hour,  F,  the  fluidity, 
(Continued  on  Page  31) 
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I'rD^rani  Transmission  Cable 
Circuit 

The  August  1930  issue  of  the  JduiikiI 
of  the  Amrcican  Institute  of  r.lectrieal 
Engineers  tells  us  that  telephone  circuits 
arc  now  widely  used  for  chain  broadcast- 
ing. The  whole  nation  can  listen  simul- 
taneously to  a  single  program  hy  this 
means.  Approximately  35,000  miles  of 
telephone  circuits  arc  used  in  the  system 
and  about  150  broadcasting  stations  can 
receive  programs  from  several  chains  of 
wire  circuits.  Most  of  the  service  is  now 
being  supplied  through  open  wires  which 
use  voice-frec|uency  channels.  The  open 
wire  routes  are  rapidly  being  supplanted 
by  the  long  distance  cable  routes,  especial- 
ly those  with  heavy  traffic.  The  article 
states,  "Because  of  the  special  character- 
istics which  program  transmission  circuits 
must  possess,  it  was  necessary  to  develop 
an  entirely  new  type  of  cable  circuit  in 
which  the  method  of  placing  the  wires  in 
the  cables,  the  type  of  loading  and  all  of 
the  apparatus  including  amplifiers  and 
distortion  correcting  apparatus  for  both 
amplitude  and  delay,  differ  radically 
from  other  cable  circuits.  The  develop- 
ment was  recently  completed  and  a  trial 
installation  made  in  which  wires  were 
looped  back  and  forth  in  the  cables  be- 
tween New  York  and  Pittsburgh,  so  as  to 
produce  a  circuit  2,200  miles  in  length. 
Tests  were  made  on  this  circuit  over  a 
period  of  several  months,  and  very  satis- 
factory results  ,  were  obtained.  It  is 
planned,  therefore,  to  make  extensive  ap- 
plication of  this  system,  and  eventually 
program  circuits  may  be  provided  in  cable 
over  practically  all  of  the  long  toll  cable 
routes." 

No  distortion  should  occur  in  program 
material  which  is  transmitted  any  dis- 
tance. The  program  as  heard  from  the 
loudspeaker  should  coincide  with  that 
heard  by  a  direct  listener.  This  means 
that  program  pick  up  apparatus,  radio 
transmitters,  radio  receivers  or  loud- 
speakers should  be  such  as  to  produce 
that  end.  In  order  to  have  no  distortion, 
frequencies  from  20  to  20,000  cycles  and 
ver\'  wide  power  ranges  would  have  to  be 
handled  properly.  This  ideal  is  not  met 
by  the  radio  art,  however.  Therefore,  ex- 
pensive transmission  lines  would  not  be  in 
keeping  with  the  rest  of  the  system.  If 
the  broadcasting  art  improves  in  the 
future  as  it  has  in  the  past,  this  fact  must 
be  taken  into  account  in  developing 
transmission  lines.  The  article  asserts, 
"These  general  considerations  have  led  to 
the  adoption  of  the  following  as  practical 
standards  of  performance  for  the  new 
cable  system:  (1)  Frequency  range  to  be 
transmitted  without  material  distortion — 
from  about  50  to  8,000  cycles  and  (2) 
Volume  range  to  be  transmited  without 
material  interference  from  extraneous  line 
noise — about  +Odb.,  which  corresponds  to 
an  energy  range  of   10,000  to  1." 

Some  experiments  were  carried  on  in 
which,    first,     nearly     all    the     frequency 


range  was  transmitted  and,  second,  lilters 
were  used  to  cut  off  either  the  high  or  low 
fre(|uencies.  Cutting  off  fre(|ueiicies  of  50 
cycles  or  less  loses  very  little  in  audibility. 
Hissing  sounds  as  well  as  percussion  or 
jingling  sounds  were  most  affected  by 
cutting  off  the  high  fre(|uencies.  Very 
good  results  are  obtained  \vith  frequencies 
from  50  to  8,000  cycles  in  broadcasting  a 
band.  Different  frequencies  within  the 
band  should  not  be  affected  by  attenua- 
tions differing  more  than  5db.  correspond- 
ing to  differences  in  power  of  about  three- 
fold. Tests  have  showed  that  the  lower 
frequencies  suffer  the  greater  envelope 
delay. 

X'olume  ranges  greater  than  100  db. 
corresponding  to  a  power  range  of  ten 
billion  to  one  are  heard  by  the  human 
ear.  The  volume  range  should  be  such 
to  eliminate  cross-talk  from  other  circuits, 
to  keep  non-linear  distortion  and  noise 
within  limits,  to  keep  within  the  limits  of 
the  radio  transmitter  and  to  be  in  keep- 
ing with  the  room  of  average  size  in  a 
home.  A  volume  of  40db.  seems  satis- 
factory to  nearly  everybody  except  those 
who  like  to  listen  to  symphony  orchestras 
and  the  like. 


Railway  Grade  Crossing  Safety 

The  August  1930  issue  of  Roads  and 
Streets  tells  us  that  unless  the  tracks  are 
clear  and  unobstructed  for  at  least  400 
feet  in  both  directions,  automobiles  should 
be  driven  at  a  speed  15  miles  an  hour  or 
less  as  defined  by  the  Third  National 
Conference  on  Street  and  Highway 
Safety.  The  conference  pointed  out  that 
the  number  of  new  grade  crossings  is  ex- 
ceeding the  number  of  those  eliminated. 
Elimination  of  grade  crossings  by  reloca- 
tion of  highway  or  railroad,  or  by  grade 
separation  should  be  gotten  under  way. 

The  conference  recommended  that  each 
crossing  be  provided  with  standard  fixed 
signs  as  follows:  first,  an  advance  sign 
at  each  highway  approach  in  addition  to 
road  markings  where  advisable;  second,  a 
25-  or  15-mile  speed  sign,,  or  stop  sign, 
if  necessary;  and  third,  a  standard  cross- 
buck  sign  at  all  crossings  indicating  the 
number  of  tracks  in  the  case  of  multiple 
tracks. 

There  are  240,000  grade  crossings  in 
the  United  States  and  of  these,  205,933 
are  protected  by  fixed  signs;  5,707  have 
crossing  gates;  7,297  are  provided  with 
crossing  watchmen ;  8,004  have  visible 
and  audible  signals;  3,63  5  have  visible 
signals  oidy;  4,572  have  audible  signals 
onlv,  aiul  4,941  have  no  signs  or  markings 
at  all. 

At  crossings  where  trains  cross  at  fre- 
(|uent  intervals  the  warnings  should  con- 
sist of:  automatic  train  approach  signals 
of  cither  the  wig-wag  or  flashing  light 
t\pc,  or  manuall\*  controlled  gates,  signals 
ol  watchmen  where  frequent  switching 
movements  occur. 


Moving  a  6,000-Ton  Stone 
Building 

It  was  a  difficult  job  to  move  the  old 
four-story  granite-block  .Mlegheny  Countv 
morgue  building  according  to  an  article 
in  the  .August  7,  1930  issue  of  Engineer- 
ing News-Record.  The  routine  business 
of  the  morgue  was  not  interrupted  once 
throughout  the  entire  job.  All  utilities, 
such  as  water,  gas,  plumbing  and  tele- 
phone, were  maintained.  The  outside 
dimensions  of  the  building  are  75x110 
feet.  Twelve-inch  I-beams  in  groups  of 
three  placed  on  30-inch  centers  formed  a 
grillage  under  the  main  floor.  The  beams 
were  lapped  by.  Short  I-beams  supported 
the  high  and  heavy  walls.  Eight  extra- 
heavy  12-inch  H-beams  ran  perpendicular 
to  the  I-beams  and  served  as  main  sup- 
porting girders.  Because  of  limited 
clearance  on  two  sides,  the  transverse 
I-beams  acted  as  centilevers  to  support 
the  heavy  outside  walls.  Holes  had  to 
be  cut  through  the  granite  walls  to  insert 
the  beams.  A  current  process  has  been 
found  in  cutting  slag  in  the  steel  mills 
near  Pittsburgh.  An  oxyacetylene  torch 
and  oxygen  lance  were  used  to  burn  holes 
in  the  granite  blocks  instead  of  the  usual 
method  of  drilling  or  punching.  The 
article  states,  "The  method  of  burning 
out  the  holes  in  granite  is  as  follows:  a 
hole  3  inches  in  diameter  was  burned 
by  the  oxyacetylene  torch  into  the  granite 
to  a  depth  of  4  inches.  \n  oxygen  lance 
was  then  used  to  complete  the  hole 
through  the  remainder  of  the  wall.  This 
lance  was  a  ^s-inch  wrought-iron  pipe  10 
feet  long.  One  end  of  the  pipe  was  in- 
serted in  the  hole  and  the  other  connected 
to  a  tank  of  oxygen.  The  end  in  the  hole 
was  heated  to  its  melting  point  by  the 
torch,  and  o.xygen  was  then  fed  through 
the  lance  at  35  pound  pressure.  The  iron 
of  the  lance  and  the  granite  fluxed  and 
a  steady  stream  of  molten  stone  and  iron 
flowed  out  until  the  hole  was  completely 
burned  through.  A  series  of  holes  on  6- 
to  8-inch  centers  was  burned  through  the 
granite  block  for  each  beam  opening  and 
steel  wedges  and  hand  sledges  were  used 
to  chip  out  the  granite  between  the  holes. 
In  the  burning  of  each  hole  about  8  feet 
of  the   10-foot  iron  pipe  was  melted." 

The  building  was  raised  by  means  of 
hand-operated  screw  jacks  of  50-ton 
cap.icity  which  were  supported  on  crib- 
bing made  of  6x8x40-inch  wooden  blocks. 
Eight  rows  of  jacks  with  145  in  each  row 
at  10-inch  centers  were  used  to  raise  the 
building.  Twenty  jacks  were  under  the 
care  of  one  man  and  when  the  signal  was 
given  two  men  would  start  at  the  same 
point  and  work  away  from  each  other 
giving  each  jack  a  quarter-turn.  When 
they  reached  the  twentieth  jack  they 
would  work  toward  each  other,  giving 
each  jack  another  (luarter-turn.  The 
building  was  thus  raised  5/16  inch  and 
the  whole  process  was  again  carried  out 
after  a  rest  period. 

(Continued   on    Pai/i-  i4j 
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STEPPING — FN  TO     \       MODERN      WORLD 


A  group  attack  on  the  "X"  of  industry 


Research,  finding  answers  to  the  eternal 
X  =  ?,  keeps  step  in  the  Bell  System  with 
the  new  industrial  viewpoint. 

The  joy  in  working  out  studies  in  de- 
velopment is  shared  by  many.  Results  are 
reached  by  group  effort.  Striving  to- 
gether, the  mature  engineer  and  his 
younger  assistants,  each  contributes  to 
the  final  solution  of  the  problem. 


Men  nf  the  Bell  Telephone  Labora- 
tories are  sharing  in  useful,  interesting 
research.  Thej^are  getting  valuable  train- 
ing in  the  modern  strategy  of  organization 
attack. 

And  because  that  strategy  assures  them 
the  aid  of  men  and  material  resources, 
they  are  actually  turning  some  of  their 
vision  into  fact. 


BELL  SYSTEM 


A   NATION  WIDK   SVSTKM  OK  MOKK  THAN     .'0,000,(10(1   IN TKK-l  (INNIU  TIN<;   TKI-KI'IIONE 
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(jround  C^mtrol  of  Aerial  Map 

(Conlimiid  from    Patjc  S) 
Straight    traversing.      There   were   three    chief     methods 
iiscii,  with  main    variations  and    comhinations,  exphiiia- 
tions  of  which  follow: 

The  method  which  required  the  least  field  work  was 
the  "three  point"  method.  In  figure  2,  left,  P  represents 
the  location  of  the  transit.  A,  H,  and  C  are  triangula- 
tion  stations  whose  flags  are  visible  from  P.  If  the  three 
angles  about  P  are  known,  the  location  of  P  with  respect 
to  the  three  points  can  be  computed.  The  only  field 
work  necessary  is  to  measure  the  three  angles,  A  to  B, 
H  to  C,  and  C  to  A.  These  angles  were  repeated  three 
times  clockwise  and  three  counter-clockwise  with  the  tcle- 
.scope  reversed,  and  a  maximum  horizon  closure  error  ot 
10  seconds  was  allowed.  By  setting  zero  on  one  of  the 
stations,  reading  the  azimuth  to  the  control  point  itself 
if  the  instrument  were  not  set  up  exactly  on  the  point, 
and  chaining  the  distance  from  the  instrument  to  the 
point,  enough  data  had  been  taken  to  calculate  the  exact 
location.  In  many  cases  flags  were  placed  over  some 
three-point  locations,  where  they  were  visible  from  points 
yet  to  be  run.  These  flags  then  served  as  triangulatioii 
stations  whose  locations  were  definitely  known,  and  the\' 
could  be  used  as  readily  as  regulation  stations  in  future 
work.  Frequently  before  starting  a  line  we  located  and 
flagged  two  or  three  good  three-points  and  used  them 
in  almost  all  the  control  point  location  on  that  line. 

In  case  it  was  not  possible  to  see  three  stations  be- 
cause of  timber  or  intervening  higher  hills,  but  two 
stations  could  be  seen,  the  work  was  equally  as  easy  but 
required  two  set->ips.  In  figure  2,  center,  X  is  the  transit 
location  and  D  and  E  two  inter\isible  triangulation 
stations  which  can  also  be  seen  from  X.  The  instrument 
is  set  up  at  X  and  the  angle  DE  read,  six  times  up  and 
six  back.  Zero  is  set  on  D  and  the  azimuth  and  distance 
to  the  control  point  read.  Then  a  flag  is  erected  at  X 
such  that  it  can  be  seen  from  either  D  or  E.  This  means 
that  the  entire  mast  at  one  station  must  be  visible  from 
X  in  order  that  the  back  shot  toward  X  can  be  made.  If 
both  D  and  E  are  barely  visible  over  trees  as  is  often  the 
case,  the  two-point  is  not  possible  without  a  lot  of  slow 
painful  axe  work  on  some  very  hard  trees,  most  of  which 
arc  white  oak.  However,  if  one  station,  say  D,  is  in  the 
clear,  the  instrument  is  set  up  there  and  the  angle  E  to  X 
is  read.    From  this  data  X  can  be  located. 

If  only  one  point  is  visible  a  base  line  is  laid  off.  In 
figure  2,  right,  F  is  the  only  triangulation  point  visible 
from  Y,  a  control  point.  G  is  another  station  visible 
from  F  but  not  from  Y.  Another  point  Z  is  located 
which  is  visible  from  Y  and  from  which  F  can  be  seen. 
The  distance  YZ  is  chained  and  the  two  angles  FYZ  and 
FZY  are  measured.  Y  and  Z  are  flagged  and  from  F  the 
angle  ZY  is  read,  closing  the  triangle,  then  the  angle 
GFZ,  to  orient  the  triangle  properly.  This  completes  the 
data  necessary. 

Of  course  there  are  variations  of  these  methods.  In 
many  cases  it  is  necessary  to  run  a  traverse,  starting  per- 
haps off  a  three-point  location  and  closing  on  another 
three-point  or  a  two-point,  or  perhaps  on  the  starting 
point.  In  several  cases  where  the  line  of  points  ran 
several  miles  back  of  the  bluffs  auxiliary  points  were 
located  on  high  hills  and  flagged  for  use  in  later  three- 
points  or  two-points.  Several  unusual  situations  and  the 
methods  we  used  are  given. 

Figure  3  is  a  sketch  of  a  vicinity  east  of  Lexington, 
Missouri.  The  control  point  we  wanted  was  the  Mis- 
souri Pacific  bridge  over  a  small  creek  which  wandered 
down  an  opening  between  high  timbered  bluffs  and 
emptied   into  the   Alissouri.     The  only  possibilities  were 


tile  triangulation  stations  Country  Club  and  Sheep's 
Nose.  Both  were  completely  blocked  off  by  timber  along 
the  railroad  track  and  by  high  projecting  bluffs.  Across 
the  river  was  a  sand  bar  accretion  caused  by  a  system  of 
dikes  that  we  remembered  seeing  from  Country  Club. 
On  the  map  we  saw  that  a  road  was  shown  winding 
down  to  the  river  bank  through  the  willows.  So  we  set 
a  flag  at  X28-13A  on  the  right  bank,  from  which  we 
co\dd  see  the  control  point  28-13,  then  drove  across  the 
bridge  at  Lexington  and  found  the  road  down  to  our 
sand  bar.  There  it  was  easy  to  pick  two  points  from 
which  both  Sheep's  Nose  and  Country  Club  were  visible. 
At  each  of  these  two  points  the  angle  between  the  tri- 
angulation stations  was  read,  and  then  the  angle  in  the 
small  triangle  composed  of  the  points  on  the  sand  bar 
and  the  flag  on  the  opposite  bank.  This  triangle  was 
later  closed  by  setting  up  at  X28-13A  and  reading  the 
angle  between  the  points  on  the  bar.  An  azimuth  and 
distance  to  the  control  point  completed  the  work  there 
and  left  only  a  set-up  at  Country  Club  to  complete  the 
necessary  data  for  locating  the  points  on  the  bar. 

One  of  the  other  parties  under  Bill  Harris,  chief  of 
party,  ran  into  the  situation  shown  in  figure  4.  The 
Crooked  Ri\er  is  a  little  stream  which  empties  into  the 
Missouri  a  few  miles  east  of  Lexington,  Missouri.  Its 
banks  are  heavily  wooded,  and  as  the  sketch  indicates  the 
river  is  well  named.  Harris  had  a  line  to  run  up  a  road 
which  followed  Crooked  River  valley.  On  each  side  of 
the  river  was  a  high  nose  of  bluffs  which  completely  shut 
off  any  view  of  the  Missouri  valley.  These  two  noses 
were  each  higher  than  any  of  the  hills  back  of  them  so 
that  it  did  no  good  to  try  to  see  over  them.  Harris 
noticed  that  a  point  on  the  east  nose  was  visible  from  a 
large  portion  of  the  line  he  was  to  work,  and  that  a  tall 
water  tower  in  the  town  of  Richmond,  Missouri,  was  also 
visible  from  many  points.  So  he  found  a  three-point 
location  on  the  nose  as  indicated,  had  the  location  of  the 
Richmond  water  tower  determined  by  cutting  it  in  from 
three  triangulating  stations,  and  then  used  these  two 
points  for  two-pointing.  By  setting  up  an^-where  in  the 
valley  and  reading  the  angle  between  the  three-point, 
which  was  of  course  flagged,  and  the  water  tower,  then 
setting  up  at  the  three-point  and  measuring  the  angle  be- 
tween the  water  tower  and  the  original  transit  location 
which  was  also  flagged,  the  latter  location  was  definitely 
determined.  Harris  used  this  system  for  almost  all  his 
control  points  in  the  several  miles  he  ran  the  line. 

A  combination  of  several  of  the  fundamental  systems 
is  shown  in  figure  5.  On  a  line  about  two  miles  north 
of  Hardin,  Missouri,  we  found  that  we  simply  couldn't 
see  a  thing  when  we  got  to  a  point  about  a  mile  and  a 
half  south  of  the  bluffs.  High  timber  and  the  low  land 
we  were  surveying  blocked  off  all  the  stations  nearby. 
By  climbing  a  Bare  hill  on  the  first  line  of  bluffs  we 
managed  to  find  a  three-point,  using  Country  Club, 
Sheep's  Nose  and  the  water  tower  at  Norborne,  Missouri. 
Then  we  set  two  flags  at  the  points  marked  X28-70A 
and  X28-70B  on  a  road  south  of  the  bluffs.  Each  of  the 
three  stations  in  the  triangle  X28-70A,  X28-70B,  28-70X 
was  occupied  and  the  angle  between  the  other  two  was 
measured.  When  set  up  at  the  three-point  the  angle  be- 
tween Sheep's  Nose  and  X28-70A  was  read  to  orient  the 
triangle.  Control  point  28-64  was  shot  in  from  the  in- 
strument set-up  at  X28-70A.  The  base  line  was 
measured  and  the  points  of  the  triangle  were  all  located. 
Then  a  traverse  was  run  from  X28-70B  closing  on  the 
three-point,  carrying  azimuth.  At  the  first  set-up  zero 
was  set  on  28-70X.  When  the  instrument  was  at  28-70X 
in  order  to  check  the  accuracy  of  the  azimuth  as  carried 
from  hub  to  hub,  the  back  sight  on  X28-70B  should  have 
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read  and  did  read  180  degrees,  showing  that  no  error  in 
azimuth  existed.  From  two  of  the  hubs  on  the  traverse 
side  shots  were  taken  to  locate  control  points.  Altogether 
tour  points  were  located  from  this  little  net.  Later  we 
were  instructed  to  continue  this  line  three  miles  north  of 
the  bluffs,  and  we  were  able  to  use  the  flag  at  28-70X 
as  one  of  the  three  stations  in  several  three-points. 


Rate  of  Heat  Transfer 

(Conlinui'd  from  Page  27) 
which  the  Smithsonian  Tables  give  as  2750  for  average 
values  at  our  temperatures  and  gas  compositions,  and  d 
is  the  diameter  in  inches.  Limits  calculated  thus  are 
shown  on  Curve  V  (c),  and  check  favorably  with  our 
data.  One  of  the  logarithmic  curves  has  been  reproduced 
on  Curve  V  (a)  for  comparison  with  the  original  curve. 
On  Curve  V  (d)  will  be  noted  some  very  preliminary 
values  of  M  and  W.  which  are,  however,  obsolete  in 
light  of  the  more  complete  data. 

On  Curve  VI  (a)  firebox  temperatures  have  been 
plotted  against  the  rate  of  energy  liberation  per  cubic 
foot  of  firebox  volume.  The  temperatures,  however,  are 
for  various  amounts  of  CO.j,  or  flows  of  gas,  and  it  was 
desired  to  place  all  temperatures  on  a  standard  basis  of 
flow  in  order  to  obtain  comparable  data.  The  basis  as- 
sumed was  16.6  pounds  of  gas  per  pound  of  fuel,  which 
corresponds  to  approximately  12%  CO.^  by  volume. 
Table  V  shows  the  manner  of  correcting  the  firebox 
temperatures  for  the  dilution  of  the  products  of  com- 
bustion by  aid  entering  the  furnace  o\er  the  fire.  With 
the  slots  in  the  door  closed  the  firebox  temperature  and 
percent  COj  is  recorded.  Using  a  specific  heat  of  .242 
the  heat  content  per  pound  of  gas  above  60°  F.  is  com- 
puted. Then  with  slots  open  the  firebox  temperature 
and  percent  CO^  is  again  recorded,  and  the  heat  content 
per  pound  of  gas  above  60°  F.  computed.  The  difference 
in  the  weight  of  gas  per  pound  of  fuel,  figured  from  the 
percent  CO^  in  each  case,  is  the  weight  of  air  diluting 
the  products  of  combustion,  and  its  heat  content  is  con- 
sidered to  be  zero.  The  total  heat  content  of  the  gas 
per  pound  of  fuel  with  slots  closed  is  then  computed, 
and  since  the  diluting  air  has  added  no  heat,  and  the 
rate  of  energy  liberation  is  the  same  the  heat  content  of 
the  diluted  gas  per  pound  of  fuel  is  the  same  as  that  of 
the  undiluted.  Hence,  this  total  heat  content  is  now  dis- 
tributed over  a  greater  amount  of  gas,  and  the  heat  con- 
tent above  60°  F.  of  a  pound  of  the  diluted  gas  may  be 
calculated.  If  this  is  divided  by  the  specific  heat  .242 
the  result  will  be  the  temperature  above  60°  F.,  thus 
determining  the  firebox  temperature  which  would  be  ex- 
pected with  the  recorded  amount  of  dilution.  This 
temperature  should,  and  does  rather  closely,  check  the 
measured  firebox  temperature.  This  process  of  correc- 
tion may  be  reduced  to  the  following  simple  formula, 
which  corrects  to  the  standard  of  approximately  12% 
CO.. 

T'=(T— 60)  W/ 16.6— 60 
where  T'  is  the  corrected  temperature,  T,  the  measured 
temperature,  and  W,  the  weight  of  gas  per  pound  of 
fuel  at  the  recorded  percent  CO.^.  This  formula  was 
used  to  correct  all  firebox  temperatures,  and  the  Curve 
VI  (f)  shows  the  same  results  corrected  to  the  standard 
basis,  and  a  proposed  curve  drawn  which  seems  to  fit 
our  data  well.  Curve  VI  (g)  shows  a  few  gas  and  oil 
results,  which  shows  firebox  temperatures  with  oil  to  be 
consistently  higher,  probably  due  to  the  fact  that  the 
smaller,  more  compact,  flame  in  the  type  of  burner  used 
gave  less  radiant  heat  to  the  walls  of  the  firebox,  aiicl 
thus,  necessarily,  inore  heat  transfer  in  the  tubes.     This 


also  implies  more  heat  transfer  by  convection  to  the  heat- 
ing surface  in  the  firebo.<.  This  relationship  at  various 
ratings,  and  as  the  percent  of  excess  air  is  varied  for  a 
constant  rate  of  burning  gas  or  oil,  has  been  observed  in 
these  tests. 

In  this  work  only  the  curves  have  been  di.scussed ; 
the  curves  have  been  given  this  preference  because  they 
constitute  a  graphical  representation  of  the  complete  data, 
whereas  the  tables  have  been  limited  necessarily  to  a  few 
typical  determinations  to  show  the  inanner  of  calcula- 
tion and  tabulation.  In  the  last  table  have  been  calcu- 
lated the  probable  stack  temperatures  of  the  rest  of  the 
boilers  in  the  series,  most  of  which  have  not  been  actually 
tested.  However,  Mr.  McOsker  informed  me  recently 
that  in  the  past  few  months  he  has  had  an  opportunity 
to  check  these  results  on  boilers  in  actual  operation, 
boilers  located  all  over  the  L  nited  tates,  and  that  he  has 
always  found  the  temperatures  to  check  those  which  we 
determined  experimentaally.  Incidently,  he  also  found 
that  dirty  tubes  produce  a  stack  temperature  that  is  about 
100  degrees  higher  than   that  with  clean  tubes. 

The  following  is  an  extract  from  Mr.  McOsker's 
summary  of  my  work : 

"These  data  give  comprehensive  knowledge  of  heat 
transfer  perforinance  for  any  of  the  boilers  tested.  This 
facilitates  primarily  the  study  of  all  the  variations  of 
eiificiency  due  to  other  \arying  losses.  In  conjunction 
with  the  regular  computations  by  the  standard  test  codes 
these  losses  may  be  closely  calculated  and  average  results 
determined,  and  the  variations  coordinated  with  heat 
transfer  as  a  known  quantity." 


Mesopotamian  Sculpture 

(Conlinufd  from  Page  14) 
abstraction  they  arrived  at  a  kind  of  mean,  at  a  certain 
ideal  of  manly  beauty  which  served  them  to  the  end. 
That  ideal  is  characterized  by  the  abundance  and  sym- 
metrical arrangement  of  the  hair  and  beard,  by  a  low 
forehead,  heavy  and  arched  eyebrows,  a  hooked  and 
rounded  nose,  a  small  mouth  with  full  lips,  a  strong, 
rounded  chin,  and  limbs  whose  muscular  development 
betrayed  their  vigor. 

No,  the  Assyrians  made  no  portraits.  They  did  not 
even  attempt  to  mark,  in  any  precise  fashion  those 
physical  characteristics  by  which  they  themselves  were  so 
sharply  divided  from  the  surrounding  races.  On  all 
palaces'  reliefs,  the  prisoners  and  enemies  have  the  same 
features  as  their  conquerors,  and  the  sole  distinguishing 
feature  is  the  size  of  the  Assyrians,  and  in  some  cases, 
the  nakedness  of  the  enemy. 

Represextatiox  of  Axim.als 

The  height  to  which  the  plastic  genius  of  this  people 
might  have  carried  their  art  had  their  social  habits  been 
more  favorable  to  the  study  of  the  nude,  may  perhaps  be 
judged  better  from  their  treatment  of  aniiTials  than  from 
anything  else.  These  in  general,  both  in  relief  and  in  the 
round,  are  far  superior  to  their  human  figures,  and  even 
now  excite  the  admiration  of  sculptors. 

The  cause  of  this  difference  is  easily  seen.  When  an 
artist  had  to  represent  an  animal,  his  study  of  its  form 
was  not  embarrassed  by  any  such  obstacle  as  a  long  and 
heavy  robe.  The  animal  could  be  watched  in  its  naked 
simplicity  and  all  its  characteristic  mo\'ements  grasped. 
The  sculptor  could  follow  each  contour  of  his  model;  he 
could  take  account  of  the  way  in  which  the  limbs  were 
attached  to  the  trunk.  Whether  he  modelled  an  animal 
separately  or  introduced  it  into  some  historic  scene,  it  is 
always  well  rendered  both  in  form  and  in  movement. 

This  is  to  be  most  clearly  seen  in  the  ricli  and  varied 
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scries  of  Assyrian  iclii'ts.  bur  tlu'  less  iiumiTous  works  of 
Babylonian  orifjin  sbow  tbc  sanu'  tcndi-ncy  aiul  talent. 
In  copying  tbe  principal  types  of  tbe  animal  world  witb 
fidelity  and  vifjor,  the  Ass\rian  sculptors  only  followed 
the  example  set  them  by  their  south-country  masters. 

Some  of  the  animals,  wild  and  domestic,  most  fre- 
quently portrayed  were  the  dog,  lion,  ox,  ass,  horse,  ibex, 
goat,  ape  and  boar.  In  these  pictures,  birds  hold  a  very 
secondary  place;  Assyrian  sculpture  was  hardly  light 
enough  of  hand  to  render  their  forms  and  feathers.  In 
Assyria,  a  nation  of  soldiers  and  whose  chief  inspiration 
was  war,  the  only  birds  we  find  often  reproduced  are 
the  eagle  and  the  vulture.  A  few  partridges  have  been 
found,  and  even  an  ostrich  is  sculptured  on  a  cylinder. 

Perhaps  the  most  important  place  was  occupied  by  tiie 
lion.  We  ha\e  seen  how  frequently  it  was  emplo>ed  at 
the  palace  entrances.  In  the  reliefs  it  is  found  in  every 
attitude,  stretched  carelessly  on  the  ground,  crouched 
ready  to  spring,  in  agony  of  death,  and  e\'en  at  play  with 
the  cubs.  Most  expressive  and  pathetic  is  the  picture  of 
a  lioness  struck  down  by  arrows  (Fig.  3).  C^ne  of  the 
three  arrows  that  ha\e  reached  her  has  transfixed  the 
spinal  column  at  the  loins.  All  the  hind  part  of  the  body 
is  paralyzed.  The  hind  feet  drag  helplessly  on  the  ground, 
while  the  poor  animal  manages  for  a  moment  to  support 
herself  on  her  forepaws.  She  still  faces  the  enemy,  her 
half-opened  jaws  are  at  once  agonized  and  menacing, 
and,  as  wc  gaze  upon  her,  we  can  almost  hear  her  last 
groan  issue  from  her  lips. 

^Maspero,  "Dawn  of  Civilization."  546. 

^Terrot  and  Chipicz,  "History  of  Art  in  C'haldaea  and  Assyria," 
Vol.  I,  64,  where  credit  is  given  to  Muller,  "Fragmenta  Historicum 
Graecorum."     Vol.    II,   p.   49fi. 

'Perrot  and  Chipicz,  "History  of  Art  in  Chaldaea  and  Assyria,"  Vol. 
I.  p.  sn. 


What  Branch  of  Engineering  Shall  I 
Choose? 

(Cnnlinui-J  from   Par/r  21) 

3.  Language — English    certainly,    and    one     foreign 
language  if  possible. 

4.  [drawing,  including  Descriptive  Geometry. 

5.  Non-engineering  subjects  dealing  with  human  re- 
lations, such  as  Commerce,  History,  and  Law. 

The  selection  of  the  professional  fundamental  subjects 
is  not  so  simple,  but  a  few  may  be  safely  indicated,  keep- 
ing in  mind  the  fact  that  such  subjects  must  be  a  sort 
of  highest-common-factor  of  the  graduate's  possible 
future  field  of  activities. 
The  professional  list: 

1.  Power  and  its  generation   from  coal,  oil  and  gas, 
hydraulic  sources. 

(a)  Thermodynamics. 

(b)  Mechanics. 

(c)  Machine  Design. 

2.  Power  and  its  application. 

(a)    To   the  subdivision   under    (  1  )    add   Shop 
and  Factory  Operation  and  ^Linagemcnt. 

The  ideal  Mechanical  Engineering  graduate  must,  as 
already  indicated,  also  acquire  the  ability  to  deal  with, 
men  and  .secure  a  w'orking  knowledge  of  business  dis- 
cipline as  well.  This  can  only  be  done  by  actual  con- 
tact with  industry  at  various  vacation  periods  during  his 
four-year  course.  Unfortunately,  no  provision  is  made 
for  registration  in  these  important  training  subjects  at 
the  time  the  student's  yearly  program  is  made  up. 
Organization  and  Equipment  : 

The  teaching  staff  required  to  present  the  profes- 
sional subjects  of  the  curriculum  through  lectures,  recita- 
tions   and    laboratory   work    requires    an    organization    of 


o\er  forty  persons.  ALuiy  of  these  are  specialists  in  their 
fields  wiio  have  contributed  through  their  research  work 
and  their  publications  to  the  present  state  of  our  knowl- 
edge of  the  subjects  they  teach. 

1  he  laboratory  instruction  is  given  in  several  labora- 
ti)r>'  units  equipped  to  illustrate  principles,  methods  and 
t\pes  of  mechanical  equipment,  supplementing  under 
operating  conditions  the  lecture-recitation  work.  No  at- 
tempt is  made  in  any  laboratory  to  train  or  dc\elop  opera- 
tives or  mechanics,  as  such  is  not  tiie  objecti\'e  of  the 
department  as  already  stated. 
O  t>pr)rt  unities: 

During  each  of  the  past  three  or  four  >ears  we  have 
graduated  from  30  to  40  men  in  Mechanical  Engineer- 
ing, and  during  those  same  years  we  have  received  re- 
quests each  year  in  person  and  by  correspondence  from 
employers  in  the  thirty  or  more  divisions  of  the  field  of 
IVIechanical  Engineering  for  many  times  as  many  men 
as  graduated  in  any  year.  Since  September  \,  1929,  we 
have  filed  requests  from  more  than  L15  employers  who 
desired  the  service  of  from  one  to  several  of  the  gradu- 
ates of  this  department,  any  and  all  of  which  requests 
are  available  to  any  of  our  students  at  any  time. 


Mining  Engineering 

Proi'.  a.  C.  Cai.len 
Head  of  the  Department 

This  fall  the  Department  of  Mining  Engineering 
celebrates  its  twenty-first  birthday,  for  while  some  in- 
struction in  mining  subjects  was  offered  at  Illinois  in 
earlier  years  it  was  not  until  1909  that  instruction  was 
resumed  and  the  \vork  organized  as  a  separate  department 
of  the  College  of  Engineering. 

Rut  mining  as  a  science  is  much  older  than  twenty- 
one  years.  Its  professional  society,  the  American  Institute 
of  Mining  Engineers*  was  the  second  of  the  national  en- 
gineering societies,  being  founded  in  1871.  As  an  art 
mining  goes  far  back  into  the  misty  past,  for  the  securing 
of  metals  for  purposes  either  ornamental  or  utilitarian  has 
been  practiced  for  centuries.  Today  mining  and  metal- 
lurgy supply  the  raw  and  finished  material  for  the  in- 
dustrial world.  Indeed  it  has  been  said  that  ours  is  a 
mineral  civilization. 

Some  are  attracted  to  mining  because  of  the  romance 
that  has  always  been  associated  with  it,  for  the  lure  of 
gold,  the  chances  of  suddenly  "striking  it  rich,"  have  led 
the  adventurous  in  all  ages.  And  romance  and  adventure 
are  still  offered  to  those  who  like  this  phase  of  the  work. 
As  these  words  are  written  one  of  our  recent  graduates  is 
prospecting  up  near  the  Arctic  Circle,  and  another  has 
just  returned  after  two  years  of  exploration  for  new 
diamond  fields  "out  in  the  bush  "  in  the  Cote  d'  Ivoire, 
French  West  Africa. 

Others  are  influenced  to  choose  mining  as  a  lifework 
b?cause  they  see  in  it  opportunities  to  reiidtr  a  real 
service  to  their  generation  by  performing  the  necessary 
work  of  supplying  the  fuel,  the  oil,  the  metals  and  non- 
metals  that  are  demanded  by  modern  industry.  In  such 
work  they  find  at  home  just  as  much  romance  and  ad- 
venture as  do  their  classmates  who  have  gone  abroad. 
One  mini  miner  may  be  mining  the  coal  which  another, 
th-  superintendent  of  a  by-product  coke  plant,  is  nvikiri"- 
into  coke.  A  third  is  getting  out  the  iron  ore  which  will 
be  smelted  by  tlie  coke,  and  eventually  steel  will  be  made 
from  this  pig  iron  by  a  fourth  who  is  in  a  steel  plant. 

Thus  these  four  Illini  miners  are  furnishing  steel  for 
rome  civil  or  mechanical  engineer  to  use.  Another  is 
producing  copper  for  the  use  of  the  electrical  engineer. 
Here  is  another  who  de\elops  and  sells  mining  machinery. 
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another  is  doing  research  work  on  coal  preparation,  an- 
other is  in  the  oil  game,  still  another  is  a  consulting  en- 
gineer,— and  so  on.  In  all  parts  of  the  world  or  "right 
in  their  own  back  yard,"  lllini  miners  are  engaged  in 
practically  every  kind  of  mining  and  metallurgical  work. 
The  field  is  broad,  the  opportunities  are  many,  the  re- 
wards— both  in  satisfaction  and  money — are  commen- 
surate with  the  ability,  application  and  enthusiasm  that 
the  graduate  brings  to  his  work. 

The  curriculum  in  Mining  Engineering  begins  to 
diverge  from  the  other  engineering  curricula  immediately 
after  the  freshman  year,  although  students  may  transfer 
to  mining  as  late  as  the  beginning  of  the  junior  year  with 
little  or  no  difficulty.  In  the  sophomore  year  in  addition 
to  the  fundamental  courses  in  calculus,  physics,  mechanics 
and  language  or  approved  elective  that  are  common  to  all 
engineering  curricula,  mine  surveying  is  studied  during 
both  semesters.  Besides  the  regular  classroom  and  field 
work,  a  survey  is  made  of  a  small  mine  near  Danville. 

In  the  third  year  the  real  work  of  specialization 
begins  with  Mining  1  and  4,  covering  explosives,  drilling, 
shaft  sinking,  tunneling,  cutting  and  loading  machinery, 
and  methods  of  working  flat  and  inclined  deposits.  There 
is  also  a  course  in  electrical  engineering  of  mines.  Miner- 
alogy' and  geology  are  studied  simultaneously  with  the 
mining  subjects.  Quantitative  analysis  in  the  first  semes- 
ter, and  courses  in  power  measurement  and  steam  engines 
and  in  graphic  statics  during  the  scond  semester,  to- 
gether with  a  year's  work  in  mechanics  round  out  a 
junior  program  of  fundamental  science  and  engineering. 

By  the  senior  year  the  mining  student  has  had  oppor- 
tunity to  have  three  summers  of  varied  mining  experience 
and  he  is  prepared  to  decide  which  branch  of  the  pro- 
fession he  wishes  to  follow — coal  mining,  ore  mining  or 
metallurgical  work.  The  mining  curriculum  offers  a 
choice  of  any  one  of  these  three  options,  and  while  they 
do  not  differ  sufficiently  among  themselves  to  limit 
a  man  to  one  field  after  graduation,  yet  they  do  present 
the  chance  for  a  certain  degree  of  specialization  in  three 
important  branches  of  the  field  of  mining  engineering. 

Certain  courses — mine  administration,  coal  and  ore 
preparation,  ferrous  metallurg\',  mining  and  metallurgical 
design  and  reports — are  common  to  all  options.  Mine 
haulage,  hoisting,  pumping  and  ventilation  are  included 
in  the  coal  and  ore  options  while  the  metallurgical  stu- 
dents are  devoting  their  attention  to  non-ferrous  metal- 
lurgy-. While  the  ore  miners  are  studying  economic 
geology,  the  other  two  options  are  working  on  the  utiliza- 
tion of  fuels.  Extra  laboratory  work  in  mine  ventilation 
is  done  by  the  coal  miners  while  the  ore  mining  and 
metallurgical  options  are  taking  fire  assaying. 

All  mining  students  look  forward  to  the  senior  in- 
spection trip.  Within  a  week's  time  and  at  a  cost  of 
about  >45,  a  very  comprehensive  trip  is  taken.  It  in- 
cludes underground  coal  mining,  stripping  operations, 
coal  preparation  plants,  fluorspar  mining  and  milling, 
underground  limestone  mining,  iron  mining  and  milling, 
clay  mining,  the  mining  and  milling  of  lead,  metallurgy 
of  lead  and  zinc,  the  manufacture  of  by-product  coke 
and  the  metallurgy  of  iron  and  steel.  The  inspection 
trip  not  only  furnishes  the  student  an  opportunity  to  see 
the  details  of  mining  practice  but  it  gives  him  a  perspec- 
tive of  the  magnitude  and  diversity  of  the  field  he  is  en- 
tering on  graduation. 

The  Mining  Society,  which  is  an  affiliated  student 
branch  of  the  American  Institute  of  Mining  and  Metal- 
lurgical Engineers,  holds  semi-monthly  meetings.  Mem- 
bership is  open  to  freshmen  as  well  as  to  upper  classmen. 
These  meetings  are  quite  informal  and  not  only  provide 
the  students  with  the  opportunity  of  hearing  and  reading 
papers,   but  make  possible  an  intimate  acquaintance  be- 


tween students  and  faculty  members. 

The  laboraton,'  equipment  of  the  department  is 
housed  in  the  Mining  Laboratory,  just  east  of  the 
Transportation  Building.  The  equipment  is  complete 
and  modern.  No  mining  school  in  the  country  has  a 
laboratory  that  provides  better  or  more  adequate  equip- 
ment for  effective  teaching.  A  chemical  laboratory,  a 
fire  assaying  room,  a  calorimeter  room,  an  electrical 
section,  a  grinding  and  sampling  room  and  a  small 
machine  shop  are  also  found  in  the  Mining  Laboratory. 

lllini  miners,  whether  undergraduates  or  graduates, 
are  a  live  group,  interested  in  and  enthusiastic  about 
their  work.  You  will  find  them  almost  anywhere  in 
Illinois,  in  the  L'nitcd  States  or  in  the  wide  world  out- 
side. 


•Now  the  Amcric-in  Institute  of  Mining  and  Metallurgical  Engineers, 
the   name  being  changed  in   1919. 

Department  of  Theoretical  and 
Applied  Mechanics 

Prof.  M.  L.  Enger 
Head  of  the  Department 

Courses  in  Theoretical  and  Applied  Mechanics  are 
included  in  all  curricida  in  Engineering,  in  Chemical 
Engineering  and  Industrial  Administration,  and  are  pre- 
requisite to  many  of  the  advanced  technical  courses.  The 
courses  in  mechanics  fall  into  three  divisions:  analytical 
mechanics,  mechanics  of  materials,  and  hydraulics. 
Analytical  mechanics  is  concerned  with  the  laws  govern- 
ing the  action  of  forces  on  rigid  bodies.  The  mechanics 
of  materials  deals  with  the  stresses  and  deformations  in 
bodies  (parts  of  machines,  bridge  members,  etc.)  caused 
by  the  action  of  forces,  and  with  the  strength  of  ma- 
terials of  construction.  Hydraulics  is  the  application  of 
the  laws  of  mechanics  to  fluids. 

The  laboratory  courses  in  the  mechanics  of  materials 
and  in  hydraulics  are  planned  to  allow  the  student  to 
verify  the  important  principles  and  to  give  him  experi- 
ence in  carrying  on  experimental  work  in  these  fields. 

The  increasing  magnitude  and  complexity  of  struc- 
tures, as  well  as  the  development  of  new  material  and 
processes,  make  it  necessary  for  the  engineer  to  introduce 
refinements  in  design  calculations  and  in  tests  of  ma- 
terials which  previously  have  not  been  necessary.  Long 
span  bridges,  high  buildings,  great  dams,  large  tunnnels, 
the  frames  of  large  airplanes  and  dirigibles  are  illustra- 
tions of  structures  which  are  making  necessary  additional 
knowledge  of  the  properties  of  materials.  In  the  field  of 
mechanical  engineering,  greater  steam  pressures  and 
superheats,  and  the  constant  increase  of  speed  and  size 
of  machines,  have  brought  demands  for  information  on 
the  properties  of  materials  under  high  temperatures  and 
under  repeated  loads,  and  has  made  it  necessary  to  make 
elaborate  investigations  to  find  methods  for  eliminating 
vibrations.  Manufacturing  organizations  are  finding  it 
necessary  to  establish  research  departments  to  deal  with 
the  new  problems  which  are  constantly  arising  and  to  im- 
prove the  product  and  to  reduce  its  cost.  Many  engineer- 
ing graduates  are  finding  places  in  such  organizations, 
and  to  train  men  for  this  work  the  department  gives 
specialized  courses  for  advanced  luidergraduates  and  for 
graduate  students. 

In  addition  to  the  work  of  instruction  the  depart- 
ment is  carrying  on  research  work  in  plain  and  rein- 
forced concrete,  fatigue  of  metals,  stresses  in  railroad 
track,  cast  iron  pipe,  and  hydraulics.  The  results  of  in- 
vestigations are  published  as  bulletins  of  the  Engineering 
Experiment  Station.  The  facilities  of  the  Materials 
Testing  Laboratory  entitle  it  to  a  place  among  the  great 
laboratories  of  the  world. 
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Contemporary    Enjiineer- 
injj  News 

(C.oiilinu,\i  from  Pat/,-  28) 
The  morgue  was  moved  32  feet  hiterally 
and  267  feet  longitiidiiiallv.  All  the  crih- 
liing  %vas  built  before  the  moving  was 
begun.  Twenty-two  tracks  made  of  100- 
pound  rail  were  laid  on  the  cribbing  and 
then  the  rollers  were  placed  on  top.  The 
sets  of  six-pulley  blocks  with  5ii-inch  wire 
rope  were  used  in  moving  the  building. 
The  power  was  supplied  by  two  teams  of 
horses  on  two  capstan  windlasses  moving 
at  a  speet  of  20  feet  per  hour.  In  the 
longitudinal  move  the  slope  was  in  two 
directions  and  the  soil  was  unstable,  while 
much  of  it  was  fill.  Also  a  street  with 
an  8  per  cent  slope  and  basements  of 
wrecked  buildings  had  to  be  crossed.  The 
morgue  was  moved  at  its  original  eleva- 
tion over  to  Fourth  Avenue,  then  lowered 
7  feet,  moved  across  Fourth  Avenue  and 
lowered  8  feet  +  inches  which  was  its 
final  elevation.  The  concrete  foundation 
was  newly  built  and  this  fact  made  it 
necessary  to  use  considerable  care  in 
keeping  the  cribbing  from  bearing  on  the 
new  foundation. 


The  Detroit  Sewer  Failure 

The  removal  of  the  fine  water-bearing 
sand  foundation  caused  the  three  failures 
in  the  Southfield  Road  sewer  as  told  in 
the  ."August  7,  1930  issue  of  Engineering 
News-Record.  Incorrect  construction  of 
concrete  joints  and  a  subsequent  cracking 
in  the  sewer  barrel  allowed  the  fine  sand 
to  find  ijs  way  inside  the  sewer.  Poor 
construction,  inadequate  soil  investigation, 


design,  inspection  and  supervision  were 
probable  causes.  The  department  of  public 
works  and  the  contractor  share  the  re- 
sponsibility. "It  is  recommended  that  the 
failed  sections  be  rebuilt  in  open  cut  on 
the  present  line  and  grade;  that  the  sewer 
barrel  be  reinforced  where  it  lies  in  the 
sand  and  has  not  failed  ;  that  all  leakage 
be  stopped  ;  and  that  the  invert  be  lined 
throughout  the  lower  4,800  feet  vitrified 
tile  liner  plates." 

Although  the  concrete  was  withi[i 
reasonable  limits  of  the  specified  propor- 
tions, poor  placing  resulted  in  "thin  walls 
and  porous,  low-strength  concrete  in  many 
locations."  The  specifications  called  for 
a  minimum  thickness  of  16  inches  in  the 
walls.  However,  at  one  section  the  thick- 
ness varied  from  6j4  inches  to  26  inches. 
The  6-inch  cylinders  which  were  cored 
from  the  sewer  showed  compressive 
strengths  from  987  to  6,171  pounds  per 
square  inch  with  the  crown  usually  com- 
posed of  the  weaker  concrete.  The  key- 
stone section  Avas  proved  to  be  made  of  a 
dry  mix  concrete.  The  concrete  propor 
tions  showed  variations  from  1:2.6:1.8  to 
1:3.4:5.3  as  analyzed  in  the  laboratory. 
The  excess  sand  was  probably  due  to  the 
infiltration. 

The  alignment  was  off  several  inches 
at  various  points  and  occasionally  a  foot 
or  even  more.  At  some  points  the  con- 
crete was  cracked  because  of  settlement 
and  at  others  there  were  pockets  of  two 
feet  below  the  average  grade  line.  Al- 
though keyways  and  steel  liner  plates 
were  specified,  none  were  apparent  after 
the   inspection. 

The  article  goes  on,  "The  three  failures 
were  found  to  have  occurred  in  the  same 


manner — namely,  by  settlement  of  the 
foundation  and  subsequent  failure  of  the 
barrel  when  acting  as  a  beam,  followed 
by  a  large  inrush  of  sand  a  further  weak- 
ening of  the  foundation  extending  along 
the  barrel  each  way  from  the  break, 
causing  successive  short  lengths  to  break 
and  settle  and  finally  resulting  in  the 
crushing  of  the  barrel  under  the  load  of 
the  overlaying  clay." 

Extreme  difficulty  was  encountered  dur- 
ing the  work  of  driving  the  tunnel.  Better 
progress  could  have  been  made  had  the 
groundwater  level  been  lowered  by 
driving  wells.  Longitudinal  reinforcement 
and  the  removal  of  the  water  from  the 
sand  would  have  produced  a  sound  barrel. 

The  reconstruction  includes  the  rebuild- 
ing of  1,100  feet  of  old  sewer  by  the  open 
cut  method.  VA'ell  points  will  be  driven 
below  the  sewer  to  lower  the  groundwater 
level.  The  open  trench  will  be  28  feet 
deep  with  1:1  side  slopes.  Steel  sheet 
piling  is  to  be  used  in  the  subgrade. 
Sections  where  there  is  considerable 
groundwater  will  be  waterproofed  by 
placing  Jkj-inch  steel  liner  plates  on  the 
inside  and  then  covering  them  with 
gunite.  The  estimated  reconstruction  cost 
is  $610,000. 


"Is  the  steak  ready  yet,  dear?" 
"I'm  sorry  I've  been  so  long,  honey. 
It  looked  hopeless  grilled  and  it  doesn't 
look  much  better  fried.  But,  if  you'll  be 
patient  a  little  longer,  I'll  see  what  boil- 
ing does  to  it."  — Cappir's  Weekly. 


Gambling  may  be  a  vice,  but  a  Scotch- 
man is  tighter.      (Time  limit:  two  days.) 
— Wisconsin   Octopus. 


An  organization  that  covers  many  fields  .  .  . 

serving   the   merchant   marine 


A-E-CO  PRODUCTS 

Toy/or  Stokers 

A-E-CO  Marine 

Auxiliaries 

Juruick 

Refrigeration 

A-E-CO  Furnace 

Armor 

Lo-Hed  Electric 

Hoists 


A-ECO  electric  Winch 


The  Morro  Caslle, 
one  of  the  new 
liners  with  A-E-CO 
auxiliaries. 


A-E'CO  Sfeerer 


FROM  the  days  when  steam  first 
came  into  use  at  sea,  the  American 
Engineering  Company  has  been  build- 
ing the  machines  with  which  ships  are 
operated.  It  has  led  in  the  application 
of  electric  and  hydraulic  power  for 
the  safe,  convenient  handling  of  mod- 
ern craft,  from  battleship  and  ocean 
liner  to  river  towboat.  A-E-CO  Marine 
equipment  is  used  on  the  Seven  Seas. 
Some  of  these  machines  and  one  of 
the  new  liners  with  A-E-CO  Auxiliaries 
are  shown  here. 
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Millions  oF 

Tiny  Barriers  say- 


RUST  SHALL  NOT  PASS 


When  you  install  Reading 

5-Point  Pipe,  you  are  sure  thot 
pipe  maintenance  costs  will  be 
oractically  nothing  during  the 
entire  life  of  your  building!  Re- 
nnember,  too,  that  the  initial  cost 
of  Reading  5-Point  Pipe  is  only 
slightly  higher  than  that  of 
cheap,  unsatisfactory  pipe. 


Why  doesn't  rust  eat  into  Reading  Genuine  Puddled 
Wrought  Iron  Pipe,  as  it  does  into  ordinary  pipe?  A 
microscope  will  tell  you — and  more  than  eighty  years 
of  experience  will  furnish  the  proof!  For,  through- 
out the  structure  of  Reading  5-Point  Pipe,  millions 
of  silicious  barriers  say  ^'Stop'^  to  corrosion. 

Puddling — the  time-tested  way  of  making  the  origi- 
nal. Genuine  Puddled  Wrought  Iron  —  distributes 
this  silicious  element  so  uniformly  that  rust  can't  find 
a  loophole.  That's  why  it  is  important  to  insist  on 
getting  Reading  Genuine 
Puddled  Wrought  Iron, 
known  for  generations.  Our 
name  and  indented  spiral 
mark  protect  you. 


For  Xour  Protection, 
This  Indented  Spiral 
Forever  Marks 


READING   IRON   COMPANY,   Reading,   Pennsylvania 

Atlanta  Baltimore      ■      Cleveland  New  York  Philadelphia 

Boston  Cincinnati  St.  Louis     •      Chicago  New  Orleans 

Buffalo     •     Houston     •     Tulsa     •     Seattle  San  Francisco 

Detroit     -    Pittsburgh     ■     Los  Angeles     -     Kansas  City 


^m^ltt^^ 


GENUINE     PUDDLED     WROUGHT     IRON 

EADINC     PIP 

DIAMETERS         HANCINO        FROM      VS     TO      20     INCHES 


'         Science    and    Invention    Have    Never    Found    a    Satisfactory    Substitute    for    Genuine    Puddled    Wrought    Iron 
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Instructor:  'What  is  the  mechanical 
advantage  in  having  a  pump  with  a  long 
liandle?" 

■34:  "So  you  can  have  someone  to  help 
you  pump."       — Siiciicr  and  Invention. 


A  farmer's  nife  shipped  a  crate  of  eggs 
to  a  wholesale  house  in  a  city,  but  before 
doing  so  she  wrote  on  one  of  them:  "I 
got  two  cents  for  this  egg.  What  did  you 
pay  for  it?"  And  she  added  her  name 
and  address. 

A  vear  later  she  received  an  answer. 
It  was  written  on  the  highly  embellished 
stationerv  of  an  actor.  "My  Hear 
Madam,"  he  wrote,  "^vhile  playing  the 
part  of  Hamlet,  out  West  recently,  I  re- 
ceived vour  egg  for  nothing." 

— Science  and  Invention. 


"How's  your  Aunt  .\gatha,  Flo?" 
"Oh,    middlin',   middlin'." 
"Vou   don't    understand,    I    asked    about 
her   health. "  — Il'isconsin   Octopus. 


Mandy  was  very  old  and  had  many 
recollections  of  the  past.  However,  at 
times  her  memory  went  astray. 

"I  suppose  you  remember  Lincoln, 
Mandy?" 

"  'Deed,  Ah  does." 

"How  about  Washington?" 

"Yes,   indecdy.   Ah   'members   him." 

"My,  Mandy.  that's  remarkable,  1  don't 
suppose  you  remember  the  fall  of  Rome." 

"Well,  no,  boss.  But  .A.h  does  kinda 
recall   a   distant   thud." 

Her  husband,  Amos,  also  was  elderly, 
but  still  more  active  than  Mandy. 

"So  vou  remember  way  back  to  the 
Civil  \Var?" 

"Yas,  suh.  De  Cibil  War  an'  Cicn'l 
Lee  and  all  that." 

"Perhaps  you  remember  the  sinkii\g  of 
the  Maine." 

"Sure  does.  .\h  helped  'em  put  in  the 
gas  works,  too." 


A    Malemute    of    ill     repute 
Once  bit  a  dozen  babies; 
Eleven  died,  but  I  survived — 
The  dog  contracted  rabies. 

—Cornell    IfiJoiL: 


Then  there's  the  abseiit-minded  pro- 
fessor who  turned  on  his  wife  and  kissed 
the  ignition.  — If'est  Point  Pointer. 


Chemistry  Professor:  "If  you  put  some 
yeast  in  a  mixture  of  honey  and  water 
and  let  it  set  in  your  house  for  a  week, 
what   would  be  the   result?" 

Student:  "A  raid,  $1,000  fine  and  90 
days."  — Science  and  Invention. 


It  \vas  necessary  to  decide  for  taxation 
purpnscs  whether  a  border  farm  lay  on 
Canadian  or  United  States  territory. 
Surveyors  finally  announced  to  the  old 
lady  who  had  just  purchased  it,  that  it 
just   came   within   the    .American   side. 

The  old  lady  smiled  with  relief,  "rm 
so  glad  to  know  that,"  she  said.  "I've 
heard  that  the  winters  in  Canada  are 
terribly  severe." 

— Sciciue  an  Invention. 


Teacher:      "Billy,    what's   your    father's 

occupation?" 

BiUv:     "He's  a   worm's  substitute." 
Teacher:     "What  on  earth  is  that?" 
Billy:     "He  bores  holes  in  furniture  for 

an   antique   dealer." 

— Science  and  Invention. 


"Good   day,   Mrs.   Chaney.     Can    I   sell 

vou  some  tea  ?" 

"Ceylon?"  — 

"Whv,    ves,    I    just    passed    him   on   my 

wav  here.''  —Penn.  State  Froth. 


We  call  him  horse  because  he  takes 
after  his  fodder.  —Green  Goat. 

They  were  alone  in  the  country — 
wooded  hills  separated  them  from  the 
nearest  house.  The  spot  was  ideal  for  a 
murder.  Suddenly  he  muttered  and 
wheeled  on  his  prone  victim.  "I'm  going 
to  kill  you,"  he  hissed.  Slowly  he  pulled 
out  his  shooting  iron  and  advanced  step 
by  step.  The  one  on  the  ground  lay 
white  and  motionless.  Bang  went  the  six 
shooter,  and  dirt  flew  into  the  air.  But 
the  shot  went  wild.  "You'll  get  it  now," 
he  raged.  Again  the  sturdy  six  crashed 
and  again  he  missed.  With  an  oath  he 
threw  down  the  weapon  and  seized  a 
hickory  club.  Down  came  a  horrible 
blow.  "I  got  you,"  he  cried.  And  the 
golf  ball  rolled  to  the  green. 

— California  Pelican. 


Teacher:      "Who    was    George    Wash- 
ington?" 

Pupil:     "He's     the     guy     whose     wife 
makes   candy." 

— Pennsylvania   Punch  Boivl. 


Professor:     ".\rc   there   any  more  ques- 
tions?" 

'34:     "Yes,   how   do   you   determine   the 
horse-power  of  a  donkey  engine?" 

— Science  and  Invention. 


City  Bov  (looking  at  his  first  wind- 
mill): 'Say,  I'ncle  Tom,  that's  some 
electric  fan  you  have  out  there  cooling 
the  cows."  — Science  and  Invention. 


"You'll  hang  for  this,"  chortled  the  pro- 
fessor, "or  rather,  I  should  say,  you'll  be 
suspended."  — Colorado   Dodo. 

"I  would  like  to  purchase  these  two 
ties." 

"Yes,  sir,  and  how  do  you  like  these 
socks?" 

"No  socks,  thank  you.     Just  the  ties." 

"Perhaps  some  shirts  would  appeal  to 
you?" 

"No,  nothing  but  the  ties." 

"But  I  know  you'll  like  this  hat — latest 
thing  from  London,  sir." 

"No!     I  want  nothing  but  ties." 

"And  you  wouldn't  even  care  to  look 
at   this  muffler?" 

"No!    Let  me  out  of  here." 

"Well,"  laughed  the  salesman,  "that's 
once  I  got  back  at  my  barber." 

— Black  and  Blue  Jay. 


There  was  a  furtive  look  about  the  big 
man  standing  undecided  on  the  corner. 
His  eyes,  as  they  roved  nervously  up  and 
down  the  crowded  street,  had  something 
of  the  hunted  beast  in  them.  Roving,  al- 
ways roving.  Suddenly  he  stiffened.  His 
jaw  shot  out  menacingly.  He  took  a  quick 
step  forward,  thrusting  a  clenched  hand 
into  his  pocket — others  had  done  it  and 
got  away  with  it,  why  couldn't  he? 

He  gave  one  more  all-encompassing 
look  and  strode  forward,  glancing  at  the 
smiling  face  that  confronted  him,  con- 
fidently awaiting  his  rapid  advance.  His 
hand  came  out  of  his  pocket  with  light- 
ning-like speed.  Something  glittered  as  it 
caught  the  last  ra.\s  of  the  setting  sun  .  .  . 

"Gimme  a  pack  of  Chesterfields," 
growled  the  freshman  tackle,  as  he 
planked  a  dime  on  the  counter. 

— Georgia  Cracker. 


"I  suppose  your  home  town  is  one  of 
those  where  everyone  goes  down  to  meet 
the  train." 

"What  train?" 

— \otre  Dame  Juijijler. 


"Have     vou     seen     Ritis     around     here 

lately?" 

"I  don't  believe  I  know  Mr.  Ritis." 
"Why,     I     supposed,     of     course,     you 

neuritis."  —Penn.   State   Froth. 


"Yes,  I'm  cosmopolitan.  My  father  was 
Irish;  my  mother  was  Italian.  I  was  born 
on  a  Sw-edish  ship  off  Barcelona.  Mac- 
Tavish  is  my  dentist." 

"What's  MacTavish  got  to  do  with  it?" 
"Why,    that    makes    me   of    Scotch    ex- 
traction." 
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"■    I        ^ISTRIBITION  is  the  ans>v<r  to 

II  I  '  '^"''^  '''^  *'"^'  ^'"'   ''**'  «-<-uii- 

I    I  I    i'*'"^  "^  ^  produi-t.   Distribii- 

I    I  I    '''""  '^  ^  matter  of  liiiinaii  re- 

HI  I      lutioiis.   Just  as   the   foiimler 

J    |____--^      established  a  siinpk-  creed  for 

h«)lli  niaiuifaetiire  and  distribution  —  so  his 

sons  earry  on  that  same  basis  of  working,  on 

more  widespread  lines. 


MRS.  KATE  F.  STOCKIIAM.   'SS 


R.  J.  STOCKHAM, 
Secrelary 


Doiif^lassW.  SlcM-kham  fiii(l>  willing' refllection, 
both  in  the  Stoekhaiii  organization  itself  and 
in  its  nation-wide  group  of  distributors,  of 
the  simple  creed  of  liis  father — to  contribute 
honestly  and  sincerely  to  the  greater  effi- 
ciency, convenience  and  t!icref<»re  prosperity 
of  his  fellow-man, —  a  human  ambition  per- 
petuated by  a  human  organization. 

STOCICIIAM  I'll'i:  C^  inTIN(;S   i:0..'lUr,niugham.cAla. 


R.  E.  RISLEY,  "20 
Supl.  l.l>p<-clloii  Depi 
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The  SIXTH  SENSE  of  Industry    _,.,„.,.^' 


Xemiperatiire 
Mnstriiments 


INnlCATl^G        RECORDING 


CBWiUCSSTSnsaO"  - 


Aluminum  in  Architecture 

The  thought  and  spirit  of  this  generation  suggests 
that  modern  architects  use  new  materials  for  old  purposes 
in  keeping  with  its  demands,  says  an  article  in  the  August 
issue  of  The  Architectural  P^orum.  Simplicity,  speed  and 
lightness  arc  characteristics  of  this  age.  Over-ornamenta- 
tion is  not  much  used  today  but  rather  simple  forms  arc 
being  used  in  grilles,  balustrades,  spandrels,  mouldings, 
inlays  and  in  other  decorative  effects. 

In  1884  a  lUO-ounce  aluminum  casting  was  placed  on 
top  of  the  3,3U()-p()und  capstone  of  the  Washington 
Monument.  This  was  its  first  architectural  use  and  was 
the  largest  aluminum  casting  made  up  to  that  time.  The 
use  of  aluminum  oxide  in  place  of  the  chloride  later 
eliminated  the  expensive  sodium  treatment.  Bauxite, 
the  ore  from  which  aluminum  oxide  is  obtained,  is  found 
in  several  of  the  southern  states. 

Aluminum  is  very  resistant  to  atmospheric  corrosion 
and  its  compounds  are  colorless,  thus  eliminating  any 
staining  or  streaking.  It  requires  no  painting  and  hence 
there  is  no  loss  of  sharpness  or  refinement  of  detail.  A 
polished  surface  remains  brighter  longer  than  a  rough 
one.  Aluminum  is  the  lightest  of  all  the  architectural 
metals.  Its  maximum  tensile  strength  is  about  60,000 
pounds  per  square  inch  and  it  has  a  modulus  of  elasticity 
of  about  10,000,0000  pounds  per  square  inch. 

Different  finishes  are  obtained  in  aluminum  surfaces 
by  the  following  processes:  by  polishing,  which  brings 
out  the  blue  tinge;  by  sand-blasting,  which  gives  an 
etched  glass  effect,  and  by  rubbing  with  an  emery  cloth, 
which  gives  a  satin  finish.  Aluminum  can  also  be 
enameled  or  painted. 


THE  BEST  SLIDE  RULES 

The  famous  K  and  E  (Keuffel  and  Esser)  line  Polyphase, 
Polyphase  Duplex  and  Log-Log  Duplex 

You  can't  afford  to  be  without  one.     Your  name  engraved  on  it  without 
charge.    "Regular  Price" 

Something  New  for  Architects 

Eberhard  Faber  Black  Chalk  Crayons.  These  are  artists' 
sketching  crayons — come  in  two  grades.  Our  materials  are  all 
standard  and  of  highest  quality. 

Courtesy,  Service,  Satisfaction 


The  U.  of  I.  Supply  Store 


The  Co-op 


On  The  Square 


The  Co-Op 
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This  K  orlhinglon  3 "  hnri- 
zonlal  tlublex  piston  melir 
has  served  fourteen  years  on 
ammonium  sulphate  stor- 
age line  at  the  Seaboard 
By-Product  Coke  Company, 
Kearny,  N.  / 


vaMfcjj^/  ~';:^aBi(J3jj'*^^' jrl      ^Jul  Each  star  marks  a  point  in  the  by-product 
'— — — — — — '       ^^  cnke  process  at  which  one  or  more  Worth- 


nglon  products  can  be  used  to  maintain  un- 
interrupted production. 


hey  bought  today  ^s  performance 
.  .  .  fourteen  years  ago 

IN  1916,  the  Seaboard  By-Product  Coke  Company  installed  this 
Worthington  horizontal  duplex  piston  meter  for  measuring 
the  passage  of  ammonium  sulphate  from  settling 
tank  to  still. 

Today,  the  meter  is  still  in  service,  playing  an  im- 
portant part  in  safeguarding  production  efficiencies. 
It  measures  37V^  tons  of  liquid  per  day. 

This  service  record  is  a  typical  one  .  .  .  for  Worth- 
ington's  seventy  years  of  experience  in  building 
meters  is  reflected,  in  each  unit  produced,  in  the 
ability  to  function  accurately  year  after  year  with  a 
minimum  of  maintenance. 

The  importance  of  measuring  the  fluids  involved 
in  industrial  processes  is  sometimes  overlooked.  A 
check-up  of  your  liquid  handling  problems  by  a 
Worthington  engineer  may  show  you  a  means  of 
cutting  costs. 

WORTHINGTON 


METERS 
Disc  Meters  .  .  .  both  frost- 
proof and  for  warm  climates 
Turbine  Velocity  Meiers 
Compound  Meters 
Cold  Water  Meters 
Hot  Water  Meters 
Oil  and  Gasoline  Meters 

PUMPS 

COMPRESSORS 

Stationary  and  Portable 

CONDENSERS 

and  Auxiliaries 

DIESEL  and  GAS  ENGINES 
FEEDWATER  HEATERS 

MULTI-V- DRIVES 
CHROMIUM  PLATING 

JCileralure  on  request 


WORTHINGTON    PUMP  AND   MACHINERY  CORPORATION 

Worlii:  Harrison,  N.  J.  Cincinnali.  Ohio  Buffalo,  N.  Y.  Holyoke,  Mass. 

Executive  Offices:  2  Park  Avenue,  New  York,  N.Y. 

GENERAL  OFFICES;  HARRISON.  N.J. 

District  Sales  Offices  and  Representatives: 

ATLANTA      CHICAGO  DALLAS       EL  PASO  LOS  ANCiELES        PHILADELPHIA     ST.  PADL  SEATTLE 

BOSTON  CINCINNATI      DENVER     HOUSTON  NEW  OHLEANS      PITTSBURGH  SALT  LAKE  CITY    TULSA 

BUFFALO       CLEVELAND     DETROIT     KANSAS  CITY    NEW  YORK  ST.  LOUIS  SAN  FRANCISCO    WASHINGTON 

B'anch  Offices  or  Representatives  in  Principal  Cities  of  all  Foreisn  Countries 


U'lTH  ALL  THE  Py%$T 

FROM . . . 


IN  our  youngest  industries — radio  and  aviation  —  oxwelding 
is  a  standard  production  tool.  With  two  centuries  of  manu- 
facturing practice  to  draw  from,  each  has  chosen  oxwelding 
as  the  modern  method  of  high-speed  production  at  low  cost. 

Oxwelding  is  ideally  suited  to  routine  manufacturing  opera- 
tions. It  is  readily  adaptable  to  rapid  increases  in  production 
and  frequent  or  unforeseen  changes  in  design. 

It  is  applicable  to  the  widest  range  of  materials — steel  and 
the  ferrous  alloys — aluminum,  brass,  bronze,  and  practically 
all  other  non-ferrous  metals  and  alloys. 

THE  LINDE  AIR    PRODUCTS   COMPANY   .   .  .  THE   PREST-O-LITE 

COMPANY,    INC.   .   .   .    OXWELD    ACETYLENE    COMPANY  .    .   . 

UNION  CARBIDE    SALES  COMPANY, 

Units   of 

UNION  CARBIDE  AND  CARBON  CORPORATION 

General    OHices      .      .      New    York      1 1 1 1^  ^      Soles  OHices  In  the  Principal  Cities 

65  Linde  plants    .    48  Prest-O-Lite  plants    .     174  Oxygen  Worehouse  stocks     .    156  Acetylene 
Warehouse  stocks   .   42  Apparatus  Warehouse  stocks  .   245  Union  Carbide  Warehouse  stocks 


Taking  Electrical  Convenience 
From  or  Man  River 


Join  us  in  the  General  Electric 

program,  broadcast  eiery  Saturday 

evening  on  a  nation-uide  N.B.C. 

network 


GENERAL 
ELECTMC 


GENERAL         ELECTRIC         CONfPANY 


'T~'HE  total  capacity  of  waterwheel  generators 
built  by  General  Electric  in  the  last  ten  years  is 
more  than  enough  to  supply  light  and  power  for 
twenty  cities  of  one  million  population. 
Installed  in  power  houses  along  the  waterways, 
these  machines  transform  the  strength  of  mighty 
rivers  into  useful  electric  energy  for  homes,  for 
industry,  and  for  transportation. 
The  vision  and  skill  of  college-trained  men  are 
largely  responsible  for  the  continuing  leadership 
of  General  Electric  in  its  service  of  furnishing 
machines  and  devices  that  provide  the  swift,  sure 
convenience  and  the  economy  of  electricity  —  on 
land  and  sea  and  in  the  air. 
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Harnessing  Niagara  Falls 
to  the  washing  machine 


l^ii/ves 


Chfiiper  power!  (iropino;  utter  this  modern  touchstone  to 
\\e;ilrh,  ileKided  inventors  slaved  over  perpetual  motion  ma- 
cliiPies  .  .  .  intornieii  inventors  evolved  the  turhine  .  .  .  broad 
visioned  men  harnessed  the  rush  ot  waters  .  .  .  engineers 
raised  pressures  and  temperatures  to  produce  more  power 
without  correspondint^  increases  of  cost. 

While,  step  b\-  step,  this  j^ro^ress  has  taken  place,  the  manv 
men  who  ha\e  contributed  to  it  could  not  know  what  tar- 
reachinu;  results  it  would  ha\'e.  Now  the  ultimate  boons  Ljrow 
clear.  Water  powei- development  becomes  a  national  polic\, 
steam  bills  fair  to  rival  water  power  tor  cheapness,  econom- 
icalU'  produced  power  brings  more  plentiful  u;oods,  liirhts 
houses  and  hauls  crowds  in  cities,  is  carried  to  rural  sections 
to  iitt  washila\  tliaulo;er\'  from  farm  women's  shoulders. 

Amono;  the  man\  iiuiustrial  victories  that  are  behind  this 
revolution,  none  is  more  important  than  wider  knowledge 
ot  piping  materials  ami  better  materials.  One  ot  the  highly 
prizeci  chapters  ot  our  history  is  the  contribution  that  Crane 
research  and  valve  engineering  has  made  to  the  general  ad- 
\ance.  Ihe  results  ot  this  research  are  embodied  in  a  Crane 
book,  Pionccr'uH'  in  Science.  It  is  a  fascinating  story  ot  engi- 
neering de\elopment  and  a  valuable  reference  work  tor  engi- 
neering students.  A  request  will  bring  vou  a  copy. 

*CRAN  E' 

PIPING    MATERIALS  TO   CONVEY   AND   CONTROL   STEAM.    LIQUIDS.    OIL.    GAS,    CHEMICALS 

CRANE   CO.,   GENERAL   OFFICES:  836  S.  MICHIGAN    AVE.,  CHICAGO 
NEW  YORK   OFFICES:   23  WEST  44TH  STREET 

Branches  .irij  Sales  OJfices  in  One  llun.ireJ  anJ  Xinely-four  Cities 
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XWELDED   PIPE  JOINTS 

— as  strong  as  the  pipe 

Modern  piping  design  demands  joints  that  measure  up 
to  the  strength  of  the  pipe  itself.  The  oxwelded  joint 
meets  this  demand  in  a  thoroughly  practical  and  eco- 
nomical way.  It  is  strong  and  permanently  tight.  It 
fully  justifies  the  high  efficiency  expected  of  it  and 
has  definitely  taken  its  place  as  the  standard  means  of 
pipe  fabrication. 

Progressive   engineers   demand    the    100    per  cent 
efficient  oxwelded  joint. 


EVERYTHING 
IR  OxWELOING 
-     *Ni>CuTTIN 


THE    LINDE    AIR    PRODUCTS    COMPANY,    THE    PREST-O-LITE    COMPANY,    INC., 
OXWELD      ACETYLENE      COMPANY,      UNION      CARBIDE      SALES      COMPANY, 

Units  of  UNION   CARBIDE  AND   CARBON   CORPORATION 

CrnernlOIBcrM.  .  .'{O  E.  Itjad  Nl.,!V.  Y.      |||^^    Saleo  OIBceM  . .  .  ia  the  Priacipnl  Cilieit 
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^^^     MIXEI^S 


CENTRAL 

!  NIXING 

PLANTS 


No.  8-;       r    ,  .     jrcHidurd 

Building  Mjxer  in  Liberty 
Corporation's  Plont,  Phila 
delphio,  Po. 


ABOVE  is  shown  just  one  of  the  central  mixing  plants  in  the  Philadelphia 
^  territory  equipped  with  No.  84-S  Ransome  Standard  Building  Mixers 
this  year.  Others  are  the  Union  Paving  Company  and  the  Camden 
Lime  Company. 

Ransome  big  mixers  are  real  tools  for  central  mixing  plants  because  they 
insure  thorough  mixing  and  fast  discharge.  Their  low  overhead  room  mokes 
them  space  savers.  Their  low  upkeep,  due  to  high  grade  materials,  simple 
design  and  the  dependable  Ransome  service,  makes  them  money  savers. 

That's  why  so  many  central  mixing  plants  are  equipped  with  Ransome 
big  mixers. 

Write  for  Bulletin  122.  It  tells  the  Ransome  Big  Mixer  story. 

Ransome  Concrete  Machinery  Company 

18SO  —  Service  for  8Q  Years  —  I930 
Dnnellen  Ne^ir  Jersey 
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The  KnoRiK  Pdwhr  Plant 

Civil,  electrical,  and  mechanical 
engineers  are  all  required  in  the 
construction  of  a  nmiiinioth  plant 
such  as  this,  ichich  takes  135,000 
kiloii'atts  from  the  Mississippi  for 
the  use  of  toicns  in  I  on  a,  j\lis- 
fouri,  and  Illinois. 
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The  Early  Development  of  Machine  Tools 


C.  W.  Ham 

Professor  of  Machine  Dcsit/n 


IX  THE  study  of  history  we  find  that  political  con- 
siderations have  been  emphasized  in  svich  a  way  as 
to  overshadow  all  other  aspects  of  mankind,  and  if 
we  stop  to  consider,  we  may  note  that  the  history  of 
civilization  in  a  more  general  sense  has  as  yet  received 
scant  recognition.  We  have  rather  complete  informa- 
tion as  to  whether,  for  example.  Hero  of  Alexandria, 
Archimedes,  Gallileo  or  Leonardo  da  Vinci,  lived  under  a 
republic  or  a  despotism;  but  the  influence  of  such 
thinkers  and  discoverers  in  the  everyday  life  of  their  time 
is  not  so  clearly  set  forth. 

There  was  a  notable  lack  of  interest  shown  by  the 
ancients  in  technical  inventions  and  in  the  personality  of 
inventors.  Students  of  the  technique  of  antiquity  claim 
that  "the  historians  as  well  as  society  in  general  under- 
valued the  technologists."  It  seems  that  this  view  wa.s 
very  commonly  held,  and  the  general  attitude  was,  no 
doubt,  due  largely  to  the  aristocratic  organization  of 
society  and  to  the  fact  that  labor  saving  devices  were 
not  necessary  with  so  much  slave  labor  available  and, 
therefore,  there  was  very  little  interest  in  inventions. 
The  ancients  had  their  full  quota  of  great  minds  but 
their  thoughts  ran  in  other  fields  such  as  art,  literature 
and  law;  and  down  to  the  present  day  the  races  which 
developed  and  maintained  this  civilization  are  far  behind 
in  mechanical  development. 

An  eminent  writer  says,  "While  there  arc  many 
books  on  offense  and  defense,  arms  and  armor,  there  is 
none  that  traces  the  history  of  mechanical  aids.  Thou- 
sands of  writers  have  described  the  sculpture  of  the 
Parthenon  ;  not  one  has  described  the  means  used  in  per- 
forming that  work.  It  is  a  mystery  to  us  how  fluted 
columns  with  an  entasis  could  be  produced  true  to  a 
hundredth  of  an  inch  in  the  diameters  between  the  deep 
groovings." 

Let  us  consider  a  more  recent  illustration  of  this 
general  situation  which  pertains  directly  to  our  present 
discu.ssion  on  the  early  history  of  machine  tool  develop- 
ment. The  history  of  the  lives  and  works  of  that  great 
group  of  mechanics  and  inventors:  Maudslay,  Clement, 
Roberts,  Whitworth.  Nasmyth,  and  others,  was  recorded 
in  an  incomplete  and  fragmentary  manner  and  apparently 
in  danger  of  being  lost,  until  it  was  made  available  by 
Joseph  W.  Roe  in  his  book,  "English  and  American  Tool 


Builders.  '  In  this  work  the  author  acquaints  us  with 
tile  difficulties  with  which  he  was  beset  in  gathering  the 
necessary  data.  The  recorded  information  was  so  meager 
that  he  found  it  necessary  to  secure  a  large  amount  of  his 
material  from  personal  contact  with  men  now  living. 

In  taking  up  the  history  of  tools,  the  nature  of  the 
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materials  is  naturally  the  first  consideration.  It  is  pretty 
well  known  that  after  the  stone  ages,  the  order  of  metals 
was  bronze  and  then  iron.  It  is  claimed  that  in  recent 
years  an  earlier  age  of  copper  has  been  noticed  in  several 
coimtries,  an  age  which  may  be  subdi\ided  into  an  age 
of  native  copper  and  an  age  of  smelter  copper.  The  order 
of  use  of  metallic  materials,  then,  seems  to  have  been 
native  copper,  smelted  copper,  bronze,  iron  and  bra.ss. 

The  first  tools  were,  of  course,  hand  tools  such  as  the 
ax,  hammer,  chisel,  saw,  scythe  or  sickle,  shears,  etc.;  and 
in  most  cases  we  can  trace  the  gradual  evolution  of  such 
tools  down  to  the  present  day. 

Even  after  some  of  the  crude  machine   tools,   made 
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almost  entirely  of  wood,  had  been  developed  down 
tlirough  the  Middle  Ages,  the  chief  too!  equipment  of 
the  mechanic  as  late  as  the  latter  part  of  the  eighteentli 
century  consisted  of  such  hand  tools  as  the  hammer,  cliisel 
and  file,  and  the  chief  measuring  de\ices  were  the 
cahpers  and  tin-  wooden  i  ulc. 
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The  development  of  machine  tools  was  extremely 
slow.  It  is  difficult  for  the  man  of  today  to  realize  the 
crudity  of  the  machine  tools  available  up  to  the  period 
of  our  Revolutionary  War.  In  machine  tools,  as  in  all 
machinery,  the  principal  members  were  made  of  wood. 
However,  the  technique  of  metal  working  had  made 
notable  advances  and  was  by  no  means  unimportant.  But 
its  application  was  largely  confined  to  instruments  of 
precision  and  other  small  work.     Production  was  small, 
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processes  were  hard  to  control  and  many  other  difficul- 
ties prevented  a  great  extension  of  the  use  of  metals. 

Of  the  early  machine  tools,  the  lathe  was  more 
strikingly  de\eIoped  prior  to  the  period  just  referred  to. 
From  the  old  bow  lathe  of  antiquity  down  to  the  time 
of  Leonardo  da  Vinci  in  the  sixteenth  century  we  have 
little  information  bearing  on  the  history  of  this  machine. 


Leonardo's  note  books  contain  several  important  sketches 
and  thereafter  the  record  is  fairly  continuous.  It  is  diflfi- 
cult,  however,  to  obtain  with  much  certainty  the  exact 
date  of  the  various  innovations  in  design.  Leonardo's 
sketches  indicate  that  all  the  modes  of  driving  the  lathe 
were  known  to  him.  These  forms  were  the  bow  lathe, 
the  pole  lathe,  the  lathe  cord-driven  with  counter-weights, 
;ind  the  lathe  driven  by  bands  from  a  wheel.  The  dom- 
iiiaiit  type  of  heavy  duty  lathe  of  Leonardo's  tiine  was 
probably  the  plain  center  lathe  with  pole  drive  as  shown 
in  Fig.  1.  Tlie  primary  development  of  the  lathe  next 
centers  around  the  improvement  of  the  spindle.  By  ap- 
plying the  driving  power  to  a  spindle  attached  to  the 
work  instead  of  to  the  work  itself,  as  in  the  old  bow 
lathe,  the  compa.ss  of  the  lathe  was  greatly  increased. 
Many  parts  which  could  not  be  turned  between  centers 
coidd  be  fastened  to  a  chuck.  A  late  state  of  develop- 
ment of  the  old  spindle  lathe  is  shown  in  Fig.  2.  The 
frame,  head  stock  and  tail  stock  were  made  of  wood,  but 


the  spindle  and  its  fittings  were  metal.  This  lathe  was 
adapted  to  screw  cutting  of  a  crude  sort,  by  means  of  a 
traversing  spindle. 

Further  improvements  in  the  lathe  now  necessitated 
the  all  metal  construction.  Finidamental  principles  of 
screw  cutting  and  similar  operations  were  known,  but 
materials  used  in  lathe  construction  and  the  difficulties  in 
execution  of  the  machines  even  in  the  combination  of 
wood  and  metal  then  known  imposed  limitations.  What 
is  considered  the  greatest  achievement  in  the  history  of 
machine  tool  development  took  place  when  Maudslay, 
about  1800,  made  the  lathe  wholly  of  metal  and  com- 
bined the  slide  with  change  gears  and  a  power  driven 
lead  screw  as  shown  in  Fig.  3.  Thus  the  traversing  tool 
took  the  place  of  the  traversing  spindle,  and  with  the 
many  other  advantages  of  this  combination,  the  lathe 
was  advanced  from  a  crude  atid  cumbersome  device  to 
a  machine  of  precision  and  power.  Many  able  mechanics 
and  inventors  were  now  working  on  the  development  of 
the  lathe  and  from  this  time  on  its  ad\ancement  to  its 
present  state  of  development  was  rapid.  By  1817  the 
back-geared  headstock  had  been  invented  by  Roberts  in 
England,  and  in  1854  the  automatic  turret  lathe,  "the 
first  radical  improvement  since  Maudslay's  slide  rest" 
was  built  commercially  by  Robbins  and  Lawrence  in  this 
country. 

(^f  the  early  machine  tools,  tiie  boring  machine  was 
ftdly  as  important  as  the  lathe.  While  the  early  de- 
velopment of  the  lathe  was  very  largely  directed  toward 
the  enlargement  of  its  compass  in  the  working  of  wood 
and  softer  metals,  the  early  development  of  the  boring 
(Continued  on   Page  18) 
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The  New  York  Central  Interlocking 
Plant  at  Sovith  Bend 


Howard  N.  Ixuood,  e.e.  '32 


THE  New  York  Central  Railroad  Company  was  re- 
quired by  the  city  of  South  Bend,  Indiana,  to 
elevate  its  tracks  three  years  ago.  The  Grand 
Trunk  Western  Railroad  was  required  to  find  some 
tracks  other  than  those  in  the  center  of  Division  Street 
over  which  to  operate  its  traffic.  It  arranged  to  have  its 
tracks  connect  with  those  of  the  New  York  Central  at 
a  point  a  mile  east  of  the  station  and  three-quarters  of  a 
mile  west  of  the  station,  operating  its  trains  over  the  New 
^'ork  Central  tracks  within  these  limits.  The  writer  of 
this  article  was  employed  as  a  signal  helper  for  two  years 
on  this  project. 

The  distance  between  the  outer  limits  of  the  new 
interlocking  plant  is  19,420  feet,  or  approximately  3.68 
miles.  The  track  layout  consists  of  eight  tracks  in  the 
center,  converging  to  two  tracks  at  each  end.  All 
switches  are  controlled  and  operated  from  the  interlock- 
ing tower,  including  both  jiuictions  with  the  Grand 
Trunk  W^estern  and  the  junction  of  the  Illinois  Division 
of  the  New  York  Central  Railroad  located  three-quarters 
of  a  mile  west  of  the  tower,  and  a  single  track  crossing 
of  the  New  York  Central  Illinois  Division  over  four 
main  line  tracks  approximately  one  mile  west  of  the 
tower. 

In  order  to  handle  traffic  on  eighteen  city  streets, 
grade  separation  nearly  three  miles  long  was  provided. 
The  tracks  were  elevated,  fourteen  street  bridges  were 
constructed  and  a  new  Union  Station  was  erected,  pro- 
viding for  both  the  New  York  Central  and  the  Grand 
Trunk  Western  Railroads. 

A  brick  signal  tower,  seventeen  feet  in  width  and 
seventy  feet  in  length,  three  stories  high  including  the 
basement,  was  erected  in  the  approximate  center  of  the 
plant.  The  basement  contains  a  battery  room,  cable 
terminals,  repair  room,  coal  bunker  and  furnace  room. 
The  second  floor  provides  ample  space  for  relay  and 
charging  equipment  room,  as  well  as  quarters  for  the 
signal  maintaincrs.  The  operating  room  is  located  on  the 
third  floor  from  which  a  director  and  leverman  control 
train  movements  through  the  plant.  A  repair  pit,  two 
feet  by  three  feet,  located  under  the  interlocking  machine, 
provides  sufficient  room  for  maintainers  to  do  any  neces- 
sary work  on  the  machine. 

Battery  racks  in  the  basement  of  the  tower  support 
65  cells  of  type  E.MGO-280  A.  H.  capacity  storage  bat- 
tery for  switch  operation  and  seven  cells  of  type  71  plate- 
680  A.  H.  capacity  iron  clad  battery  for  low-voltage 
circuits. 

All  of  the  circiuts  from  the  tower  to  the  outside 
portion  of  the  plant  are  carried  in  cables.  These  cables, 
from  the  conduit  system  extending  full  length  of  the 
plant,  enter  the  basement  through  a  wood  log  conduit  and 
terminate  in  banks  on  two  terminal  racks.  Seventy  per 
cent  of  these  are  lead-covered  for  longitudinal  runs  and 
thirty  per  cent  are  parkway  or  trench-lay  for  transverse 
runs.  The  cables  vary  in  size  from  single  conductor  to 
75  conductors  and  range  in  gauge  from  tmmber  14  to 
number  4. 

Three  phase,   440  volt,  60  cycle  power  is   used    for 


lighting  and  trickle  charging  of  the  battery  and  is  carried 
in  lead  covered  cable.  Also  in  this  cable  is  carried  a 
twisted  pair  of  telephone  wires  for  maintaincrs'  phone 
and  a  single  conductor  number  eight  wire  for  low-voltage 
common. 

Nine  hundred  and  ninety-five  relays  are  supported  on 
three  New  York  Central  standard  relay  racks  with  a 
capacity  of  1,058  relays,  located  in  the  relay  room  of  the 
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tower  shown  in  Fig.  1.  A  control  panel  is  located 
in  the  relay  room  for  switching  operation  of  AC-DC 
motor  generator  set  and  five  copper-oxide  rectifiers  used 
for  charging  batteries.  The  maintainers'  office  is  next  to 
the  relay  room. 

A  General  Railway  Signal  Company  model  5B  inter- 
locking machine,  with  latch-operated  locking  was  in- 
stalled, consisting  of  265  working  levers,  six  spare  levers, 
and  3^  spare  spaces.  It  is  enclosed  in  a  cabinet  of  steel 
and  finished  in  green.  It  is  equipped  with  102  forced- 
drop  type  electric  locks,  92  time  releases  with  adjustment 
for  0  to  90  seconds  for  releasing  the  electric  locks,  .391 
lever  lights,  662  six-way  banks  of  low-voltage  relay  type 
circuit  controllers,  three  ammeters,  one  voltmeter  and 
ground  detector  switches.    This  may  be  seen  in  Fig.  2. 

Mounted  on  the  wall,  directly  back  of  the  interlock- 
ing machine,  so  that  the  leverman  in  facing  his  levers 
gets  a  full  view  as  shown  in  Fig.  2,  is  an  illuminated 
(Continuid  on  Paijc  2i) 


THi:    IKCllNOGRAlMl 


\'ji 


ihn.  lUJfl 


What  Does  the  Construction  Industry  Expect 
of  the  Engineering  College  ? 

Ai.iiKRT  I'.  CiRnn\srn.i)i:R 
Extr/>/s  from  an  (ulihcss  hef'irr  the  local  student  hnim  It  of  tin   A.  ^.  (J.  E* 


CONSTRICTION  (■m|il()\i-i.s  want  iik-h  who  not 
only  have  already  dccidcti  that  they  will  like  con- 
struction, but  who  are  willing  to  work  and  grow 
into  the  game.  They  need  young  men  as  timekeepers, 
material  clerks,  expediters,  surveyors,  detailers  who  do 
not  carry  watches,  but  who  will  watch  the  men  ahead  of 
them. 

It  is  difficult  for  a  youngster  who  has  had  no  con- 
tinuous bossing  for  eight  or  ten  hours  a  day  to  fall  right 
in  line  and  like  it.  He  often  becomes  dissatisfied  or  dis- 
couraged and  quits  his  first  job,  only  to  find  his  next 
one  is  of  the  same  kind  or  worse. 

It    takes    some    men    months    to        

learn — what  a  .soldier  takes  for 
granted  —  that  he  must  take 
orders  gracefully,  if  he  would 
give  orders  graciously,  or  even 
get  a  chance  to  bo.ss  at  all.  Self- 
discipline  precedes  disciplining 
others. 

Construction  coinpanies  want 
only  such  collegians  as  cannot 
exactly  forget  books,  but  who 
can  translate  them  into  action. 
They  w'ant  chaps  who  will  for- 
ever ask  why  their  foreman  is 
doing  so  and  so,  and  at  the  same 
time  that  they  are  obeying  orders, 
say  to  themselves — and  only  to 
themselves — this  is  the  way  / 
would  do  it  when  doing  the 
directing.  Continuous  practice 
in  such  thinking  makes  perfect 
sooner  than  one  often  realizes, 
and,  !o  and  behold,  when  his 
opportunity  does  spring  at  him, 
he  has  not  only  a  good  way  to 
do   the   task,   but   a  good    reason 

for    so    doing    it.       Such     fellows    promote    themselves 
rapidly. 

College  men  should  be  taught  that  human  nature  is 
the  most  important  "force  of  nature"  encountered  in 
the  whole  engineering  curriculum.  They  shoidd 
learn  to  mingle  with  men  of  all  ranks,  to  know  their 
thoughts  and  motives,  to  gain  their  good-will,  confidence 
and  respect.  "A  Creat  Carpenter"  mingled  with  the 
lowliest,  but  that  did  not  drag  Him  low.  It  taught  Him 
to  teach  others  simply,  truthfully  and  honorably.  A  few- 
leaders  may  be  born,  but  thousands  have  made  them- 
selves. 

The  construction  industry  seeks  men  who  can  work. 
and  learn,  and  grow,  and  dream,  and  build  better  than 
has  ever  been  built  before.  It  needs  inventive  hands, 
ingenious  minds  and  clever  performance.  It  needs  clear 
thinking,  quick  acting,  fair-ininded  leaders.  It  nmst 
have  industrial  captains,  who  will  encourage  architectural 
and  engineering  designers,  and  in  turn,  convert  their  in- 
spirations into  realities.     They  must  transform  air  castles 


('.ollr(/c  students  should  insistently 
he  made  to  realize  that  at  their  age 
they  must  try  to  seleet  their  voca- 
tions, and  that  colleges  are  their  test- 
ing laboratories  for  that  purpose.  If 
a  hoy  does  not  like  mathematics,  for 
instance,  he  ivill  not  like  engineering 
and  not  liking  it,  icill  rarely  succeed 
in  it.  The  sooner  a  student,  there- 
fore, finds  he  is  not  cut  out  for  en- 
gineering, and  snitches  to  medicine 
or  commerce  or  laic,  the  better  of] 
both  he  and  his  classes  ivill  be.  Unless 
n  man  is  happy  in  his  %vork.  he  ivill 
not  be  content  nor  ivill  he  often 
prosper.  Joy  and  icork  should  be 
synonympus.       — A.  P.  CiREExsFEi.DER 


into  qualitN'  structures  with  speed,  skill  aiui  econoiny. 
This  industry,  as  all  other  industries,  needs  men  who  will 
co-operate  with  competitors  to  better  their  common  and 
the  public  good,  which  last  they  must  indeed  serve  if 
they  would  serve  at  all.  It  needs  emplovers  who  will  not 
forget  that  they  were  once  employees,  and  who  will  be 
fair  and  helpful  to  the  men  who  succeed  them,  if  they 
would  themselves  be  successful.  It  needs  civic  leaders 
who  will  march  in  the  vanguard  of  community  progress. 
Such  are  the  men  the  construction  industry  wants  and 
must  have  of  the  colleges.  Constructors  are  sorely  pressed 
in  their  daily  routine  and  busi- 
ness transactions.  They  need  and 
realize  their  need  of  assistance 
from  technical  and  spiritual  fel- 
lows within  the  college  walls. 
Regardless  of  their  tastes,  time 
seldom  permits  active  field 
leaders  to  recruit  their  moral  or 
educational  forces.  They  ap- 
preciate and  should  encourage 
engineers  who  serve  on  college 
staffs.  The  construction  indus- 
try, being  the  second  largest  in 
the  country,  must  do  its  share 
to  eliminate  waste.  College  staffs 
must  largely  perform  such  re- 
search work,  as  well  as  preach 
the  gospel   thus  gleaned. 

College  laboratories  must  help 
standardize  construction  mate- 
rials and  simplify  construction 
machinery.  Means  of  reducing 
seasonal  unemployment  must  be 
solved,  and  men  must  be  taught 
that  it  is  "custom  not  climate" 
which  governs  construction  con- 
ditions. Washington  University 
men  are  endeavoring  to  correlate  school  work  with  field 
practice.  They  require  two  summers'  work  on  construc- 
tion operations,  with  written  reports.  They  include 
courses  in  business  accounting  and  administration. 

In  addition  to  this  vacation  control,  Washington 
University  calls  upon  the  actual  construction  fraternity 
to  regularly  supply  experts  and  leaders  to  lecture  the 
students.  It  is  this  kind  of  co-operation  of  town  and 
gown  that  is  going  to  rapidly  solve  the  problems  of  con- 
struction education. 

As  Hon.  Herbert  Hoover  intimates, — education  is 
not  needed  alone  in  technology,  but  in  social  conceptions 
which  penetrate  far  deeper  and  which  promise  greatly 
for  the  fviture  in  our  standard  of  living.  As  Charles 
Schwab  indicates, — human  power,  brain  power,  soul 
power,  are  far  more  important  to  our  land  than  horse 
power. 


*The  material  in  this  addri 
struction  section  of  the  Amerii 
York,    Linuary   20,    1927. 


was    first    presented    before    the    con- 
Society    of    Civil    Engineers    in    New 
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Mechanical  Engineering  Research  at  the 
University  of  Ilhnois 


R.    P.    HONOLI)  '31* 


at   Illinois    delves 


MOST  of  the  reports  thus  far  presented  to  this 
assemblage,  and  those  which  are  about  to  follow, 
are  rather  closely  confined  to  one  particular 
branch  of  research,  such  as  heating  and  ventilating,  in- 
ternal combustion  engines,  refrigeration,  etc.  This  paper 
however  deals  with  a  much  broader  field,  namely  with 
the  entire  mechanical  engineering  research  field  at  Illi- 
nois. This  necessarily  prevents  us  from  delving  very 
deeply  into  any  particular  branch  of  research.  A  super- 
ficial discussion  of  all  must  suffice. 

Mechanical  engineering  researcl 
into  almost  every  conceivable 
branch  of  this  science.  Investiga- 
tions are  being  conducted  into  the 
helds  of  heating  and  ventilating, 
refrigeration  and  many  others. 
Probably  one  of  the  best  known 
is  that  of  "warm  air  research." 
This  research  is  being  conducted 
by  the  university  in  co-operation 
with  the  National  Warm  Air 
Heating  association.  The  purpose 
of  this  research  originally  was  to 
establish  a  basis  for  rating  warm 
air  furnaces.  To  correlate  the  data 
obtained  in  the  laboratories  with 
those  obtained  in  an  actual  prac- 
tical installation  and  to  extend  the 
work  to  problems  for  which  the 
laboratory  was  not  adaptable,  a  re- 
search residence  was  built.  This 
residence  is  a  completely  furnished 
typical  mid-western  house  of 
standard  frame  construction.  A 
very  carfeful  record  of  all  room 
temperatures,  register  tempera- 
tures, air  velocities  at  register 
faces,  fuel  used,  etc.  is  kept.  Wall 
stacks  are  so  arranged  that  they 
can  be  relocated  quite  easily.  In  this  way  it  is  possible 
to  determine  under  what  conditions  the  heating  system 
operates  most  efficiently.  By  correlating  all  of  the  data 
thus  obtained  many  interesting  and  vahiable  facts  have 
been  brought  to  light,  a  few  of  which  are  as  follows: 

A  system  of  rating  warm  air  furnaces  in  terms  of 
leader  pipe  areas  has  been  developed.  Also  the  relation- 
ship between  the  temperature  of  the  air  at  the  register 
faces,  and  the  heat  delivered  per  square  inch  of  leader 
pipe  area  has  been  expressed  in  the  form  of  curves.  This 
greatly  simplifies  the  design  of  warm  air  heating  sys- 
tems. Perhaps  one  of  the  greatest  single  benefits  result- 
ing from  this  research  has  been  the  adoption  by  the 
National  Warm  Air  Heating  association  of  a  standard 
installation  code,  made  possible  by  the  use  of  certain 
factors  developed  by  the  research  work.  This  has  ac- 
complished a  great  deal  toward  insuring  the  proper  in- 
stallation necessary  for  efficient  and  reliable  warm  air 
plants  for  residences.  It  has  done  much  to  remove  the 
prejudice  against   this   type  of   house   heating  previously 
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existing,  due  sometimes  to  careless  installation  and  to  lack 
of  information  regarding  best  practice.  So  much  for 
warm  air  heating. 

1  he  steam  and  hot  water  heating  research  is  another 
very  interesting  investigation.  This  investigation  is  con- 
ducted in  co-operation  with  the  Illinois  Master  Plumbers 
association  and  the  Institute  of  Boiler  and  Radiator 
Manufacturers.  To  facilitate  the  testing  of  radiators 
under  actual  operating  conditions  a  low  temperature  test 
laboratory  was  built.  This  laboratory  is  in  reality  a  huge 
built  part  of  a  house  with  walls, 
windows,  floor  and  ceiling.  Almost 
any  type  of  weather,  from  a 
balmy  spring  day  to  a  blustery 
winter  storm  can  be  duplicated  in 
this  laboratory. 

Many  tests  upon  the  efficiencies 
of  various  types  of  radiation  both 
with  and  without  enclosures  have 
been  conducted  in  this  laboratory. 
&^    J  The  results  from  these  tests  have 

done  much  to  eliminate  the  un- 
certainties involved  in  inclosed 
radiator  heat.  The  best  radiator 
locations  have  been  studied  and  the 
effect  of  storm  sash,  shades  and 
curtains  have  been  investigated. 

In  the  near  future  it  is  con- 
templated to  extend  this  research 
into  the  field  of  a  study  of  heat 
distribution  resvilting  from  the  use 
of  insulation  in  floors,  walls,  and 
ceilings. 

Refrigeration  offers  the  next 
field  for  research.  Many  investi- 
gations into  this  field  have  been 
made  at  Illinois  in  the  past  few 
years.  Among  the  most  prominent 
of  these  has  been  that  of  the  heat 
transfer  in  ammonia  condensers,  and  a  study  of  friction 
losses  in  the  flow  of  brine  and  water  through  pipes. 
At  present  a  very  comprehensive  research  into  the  flow 
of  ammonia  gas  in  pipes  is  being  carried  out.  The  ap- 
paratus used  in  this  test  consists  of  a  small  motor-driven 
ammonia  compressor,  and  a  fairly  large  two  cylinder, 
double  acting  ammonia  compressor  driven  by  a  Corliss 
engine.  These  tests  have  been  practically  completed  and 
the  results  obtained  shouhi  appear  in  bulletin  form  in  a 
very  short  time. 

One  of  the  most  recent  studies  into  the  field  of  me- 
chanical engineering  research  involves  the  subject  of  in- 
ternal combustion  engines.  In  order  to  make  possible 
the  actual  study  of  the  combustion  in  an  internal  com- 
bustion engine  a  small  single  cylinder  gasoline  engine  has 
been  equipped  with  a  cylinder  peep  hole.  This  hole  is 
(Continued  on  Page  21  j 
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lo/llaiiis,  and  litis  arlicle  is  inleiuled  In  iiir/uiiinl  the  sUulrnl  ivilli 
its   main  fealures. — The  lidilor. 

A  LIBRARY  to  sfi\c  tlic  p.uricular  interests  of  en- 
gineering students  and  facidty  is  maintained  on 
the  first  floor  of  Engineering  liail.  It  is  open  on 
week  days  from  7:50  a.  m.  to  10:00  p.  m.  and  tl\e  read- 
ing room  can  accommodate  110  persons. 

At  present  there  are  on  its  shelves  approximately 
26.S00  volumes — books,  bound  volumes  of  magazines,  and 
publications  of  societies.  In  addition  the  library  sub- 
scribes to  350  technical  periodicals,  and  12  general  maga- 
zines. Those  of  more  general  interest  are  placed  on 
magazine  racks  and  arc  available  for  use  in  the  room. 
They  may  not  be  taken  from  the  library.  Among  them 
are  Engineering  News-Record,  Electrical  World,  In- 
dustrial Engineering,  Railway  Age,  Chemical  and  Metal- 
lurgical Engineering,  and  Meclianical  Engineer.  There 
are  foreign  language  publications,  such  as  I'Aerophile  and 
I'Aeronautique  from  France  and  Ingenieria  Internacional, 
written  in  Spanish  but  published  in  New  York.  The 
general  magazines  include  Scribners',  Review  of  Reviews, 
and  Current  History  Magazine. 

Many  of  the  lantern  slides  used  in  engineering 
lectures  are  filed  in  the  library.  They  number  about 
,^,200.  There  are  other  pictorial  collections  as  well — 
photographs  of  engineering  projects,  particularly  of  those 
with  which  graduates  of  Illinois  have  been  connected. 

Among  the  books  are  found  the  important  general, 
engineering,  law,  and  biographical  encyclopedias.  The 
standard  modern  works  on  engineering  are  all  present, 
and  between  1 ,600  and  2,300  new  titles  appear  on  the 
shelves  each  year. 

There  is  an  interesting  collection  of  rare  and  early 
books  on  engineering  in  many  languages.  One  of  the 
earliest  of  these  is  Agricola's  "De  Re  Metallica,"  of 
which  the  library  has  the  1657  Latin  edition,  and  the 
translation  into  English  by  President  and  Mrs.  Hoover. 
Simon  Stevin's  "De  Beghinselen  der  Weeghconst"  is  an 
old  Flemish  treatise  on  mechanics.  The  French  authors 
Rondelet  and  Bclidor  are  also  represented.  There  are 
several  early  works  on  descriptive  geometry.  Old  en- 
gineering books  in  English  include  Rennie's  book  on 
rivers   and    harbors,    Smeaton's   description   of   the    Eddy- 


stone  liglithouse,  and  Tredgold's  work  on  steam  engines. 

That  fiction  has  a  place  on  the  shelves  of  the  en- 
gineering library  is  not  generally  known,  but  stories 
liaving  a  particular  relation  to  engineering  activity  can 
be  found  here.  Biographies  of  engineers,  historical 
works,  and  books  of  travel  are  also  included  in  the  non- 
technical volumes.  To  this  general  reading  list  some  50 
titles  are  added  each  year. 

In  order  to  make  the  articles  which  appear  in 
periodicals  available  for  reference  work,  indices  are  pre- 
pared such  as  the  Engineering  Index  and  the  Industrial 
Arts  Index.  These  list  subjects  alphabetically,  and  under 
each  subject  give  the  title  of  all  articles  dealing  with  that 
subject,  the  name  of  their  authors,  and  the  name,  issue, 
and  page  of  the  magazine  in  which  they  appear.  These 
indices  are  themselves  issued  periodically,  and  are  regular- 
ly combined  at  the  end  of  a  year  to  include  all  material 
which  has  been  published  during  that  year,  so  that  the 
work  of  obtaining  articles  on  any  particular  subject  is 
reduced  to  a  minimum. 

Various  engineering  organizations  also  publish  ab- 
stracts of  important  contributions  to  the  leading  technical 
magazines.  They  are  of  value,  in  that  the  condensed 
material  is  at  hand  to  be  scanned  and  the  article  from 
which  it  was  taken  accepted  or  rejected  without  the 
trouble  of  looking  it  up,  but  of  course  their  scope  is  much 
more  limited  than  that  of  the  indices.  Four  of  these  to 
which  the  library  subscribes  are:  Chemical  Abstracts, 
Science  Abstracts,  Building  Science  Abstracts,  and  En- 
gineering Abstracts. 

Each  book  is  listed  in  the  card  catalog  under  its 
author's  name,  and  most  books  have  other  cards  whose 
headings  are  the  subjects  of  which  they  treat.  Some  also 
liave  a  card  whose  heading  is  the  title.  With  the  help 
of  this  catalog  it  is  a  simple  matter  to  prepare  biblio- 
graphies or  locate  a  particular  book  about  which  one  has 
very  meager  information. 

The  more  important  rules  governing  the  use  of  the 
engineering  library  can  be  stated  as  follows: 

Reference  books  and  periodicals  may  not  be  taken 
from  the  library. 

Reserve  books  may  be  taken  out  over  night,  but  must 
be  returned  at  •5:00  a.  ni.  of  the  following  day,  and  if  re- 
turned late,  are  subject  to  a  fine  of  25  cents  for  the  first 
hour  and  five  cents  for  every  hour  thereafter  until  re- 
turned. 

Other  books  are  loaned  for  a  period  of  two  weeks,  and 
carry  a  fine  of  two  cents  a  day  beyond  that  period. 
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SHORTLY  after  the  close  of  school  in  June  1930, 
the  writer,  together  with  some  fifty  college  students 
hailing  from  I'urilue,  Northwestern,  Michigan,  and 
Illinois,  reported  to  Mr.  (i.  N.  Lamb  for  work  in  the 
First  District  Office  of  the  Illinois  Division  of  Highways, 
Elgin,  Illinois. 

District  No.  1  includes  nine  counties  in  the  Chicago 
area,  and  it  is  this  ofifice  that  is  carrying  on  the  State's 
big  construction  program  in  the  metropolitan  district. 
The  work  for  1930  may  be  divided  into  three  major 
parts:  the  construction  of  new  roads,  the  widening  of 
existing  pavements,  and  grade  separations  for  both  new 
and  existing  routes. 

L'pon  our  arrival  in  Elgin  we  were  immediately  put 
to  work  on  various  jobs  in  the  office,  but  as  the  busy 
season  got  under  way,  most  of  the  jiniior  engineers  were 
sent  out  on  construction  in  the  role  of  inspectors  or  in- 
strument men.  It  was  the  writer's  good  fortune  to  be 
assigned  the  job  of  instrument  man  on  survey. 

The  survey  work  in  District  No.  1  is  handled  by 
seven  parties  of  five  men  each,  the  field  work  being 
directed  by  a  locating  engineer  and  his  assistant.  Most 
of  the  men  live  in  Elgin  and  travel  by  automobile  to  the 


work,  but  in  the  case  of  long  surveys  in  remote  parts  of 
the  district,  they  move  to  the  town  nearest  the  job.  The 
crew  to  which  the  writer  was  alloted  was  doing  odd  jobs 
in  widel\'  separated  locations,  hence  m.ule  its  head- 
quarters in  Elgin. 

Among  the  many  enjoyable  features  of  the  work  was 
the  association  with  the  men  of  the  party,  a  description 
of  whom  must  be  included  to  make  this  narrative  com- 
plete. Our  chief-of-part\  was  Mr.  O.  D.  Frost,  an  Illi- 
nois graduate  of  the  class  of  1922,  an  efficient  engineer 
and  a  man  known  for  his  good  nature  and  his  ability  to 
co-operate  with  his  associates.  The  head  chainman  was  a 
lithe,  brown  skinned  lad,  whose  chief  aspiration  was  to 
become  a  Forest  Ranger,  an  idea  which  originated  on  a 
trip  to  Canada,  during  which  he  travelled  through  many 
acres  of  timber  and  saw  a  genuine  forest  fire.  The  rear 
chain  was  ably  handled  by  a  two-hundred-pound  Irish  lad 
with  curly  hair,  freckled  face,  and  an  irresistable  smile. 
Chick  had  two  years'  work  at  Notre  Dame  and  like  all 
good  "Irish"  he  was  loyal  to  the  clan  of  Rockne.  If  he 
ever  had  an  ambition  in  life,  it  must  have  been  to  get  a 
coat  of  tan.  After  exposure  to  the  siui  his  skin  woidd 
turn    red,    blisters    \\-ouId    appear,    ami    the    final    result 
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would  be  a  few  more  freckles.  Chick  covild  profit  by  a 
study  of  forestry,  for  no  matter  whether  a  reference 
tree  had  round  or  lobed  leaves,  acorns  or  blossoms,  he 
would  call  out,  "Six  inch  box  elder." 

After  our  party  became  well  organized,  we  were  sent 
out  on  the  location  of  a  section  of  Route  4  north  of  Joliet, 
a  distance  of  about  eight  miles.  The  village  of  Lisle  was 
a  stragetic  point  on  the  new  route  in  that  a  highway  and 
railway  crossing  were  involved,  the  highwa\'  being  Route 
18,  extending  east  and  west  on  the  northern  limits  of  the 
village.  The  railway  concerned  was  the  main  line  of 
the  Chicago,  Burlington,  and  Quincy,  passing  through 
the  center  of  the  village  and  parallel  to  Route  18.  The 
state  proposed  to  build  grade  separation  structures  at  the 
two  crossings   and   economy   alone   warranted    a   careful 
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Study  of  the  possible  locations.  To  the  layman,  the 
logical  choice  would  have  been  Joliet  road,  (see  Figure 
1,  line  B)  an  existing  gravel  road  extending  north  and 
south  through  the  center  of  the  village  and  passing  under 
the  Chicago,  Burlington,  and  Quincy  by  means  of  a  con- 
crete subway.  The  railroad  company  favored  this  loca- 
tion, their  plan  being  to  utilize  the  existing  subway.  The 
state  engineers  did  not  want  Joliet  as  a  location,  their 
argument  being  that  the  subway  structure  in  place  was 
inadequate  and  that  the  topography  in  the  vicinity  of  the 
intersection  of  Joliet  Road  with  Route  18  was  not  suit- 
able for  a  grade  separation.  The  Highway  Department 
suggested  a  location  west  of  Joliet  road,  (see  Figure  1, 
line  A)  on  an  existing  street  that  would  interest  Route 
18  at  a  low  elevation  and  would  cross  the  railroad  at 
the  site  of  a  high  fill,  an  ideal  location  for  a  subway. 

In  order  to  decide  the  issue,  representatives  of  the 
state  and  railroad  had  to  appear  before  the  Interstate 
Commerce  Commission  and  present  their  arguments.  The 
Highway  Department  prepared  comparative  estimates  of 
the  cost  at  the  two  proposed  locations,  and  it  was  up  to 
us  to  obtain  the  information  from  which  the  estimates 
were  made.  We  made  a  complete  survey  of  the  two 
routes  including  center  line  location,  topographic  features, 
and  cross  sections.  Since  the  ramps  for  a  grade  separa- 
tion enter  very  materially  into  the  cost,  our  survey  in- 
cluded ramps  for  both  locations.  The  streets  of  the 
village  were  utilized  for  this  purpose  as  can  be  seen  on 
Figure  1. 

This  job  had  to  be  turned  out  in  a  hurry,  hence  our 
orders  were  to  work  early  and  late,  Sunday  included. 
At  times  we  were  assisted  by  other  parties,  and  it  was 
on  one  of  these  occasions  that  we  encountered  a  nest  of 
bumble  bees.     The  angered  insects  swarmed  around  the 


shirtless  back  of  a  rodman  named  Mills,  (brother  to  the 
.Mills  of  Illinois  football  fame)  and  while  Mills  was 
fighting  like  a  trojan  to  escape  the  bees,  his  chief-of- 
party  laughingly  shouted,  "Be  a  man  Mills,  stay  with 
them."  The  words  were  no  sooner  said  than  the  irate 
bees  deserted  .Mills  for  the  chief,  and  in  spite  of  desperate 
efforts  on  his  part  a  large  bee  very  thorn\ighly  stung  him 
on  the  left  ear.  In  a  short  while  the  organ  of  hearing 
was  swelled  twice  its  usual  size. 

After  completing  the  surveys  in  Lisle,  we  picked  up 
the  line  at  a  point  that  would  not  be  affected  by  either 
location  through  the  village,  and  continued  south  to- 
ward Joliet.  The  approximate  location  followed  the  old 
Joliet  roati  along  the  east  branch  of  the  DuPage  river. 
By  studying  the  contours  of  the  U.  S.  G.  S.  map  for  the 
region,  a  preliminary  location  was  chosen.  This  location 
was  verified  by  a  field  reconnaissance  before  we  began 
our  first  survey  with  a  traverse  line.  In  making  the 
traverse  survey,  we  ran  tangents  along  the  line  of  least 
resistance,  at  the  same  time  as  near  to  our  L'.  S.  G.  S. 
map  location  as  possible.  The  distances  between  points 
of  intersection  were  chained  and  the  angles  measured.  We 
placed  iron  pins  at  the  P.  I.'s  but  the  intermediate 
stations  were  temporarily  established  with  chaining  pins, 
permanent  points  not  being  necessary  since  we  measured 
in  all  controlling  physical  features  such  as  fences,  build- 
ings, streams,  bridges,  etc.,  as  we  progressed  with  the 
line.  No  levels  were  taken  on  the  traverse,  as  the  con- 
tours of  the  U.  S.  G.  S.  map  were  sufficiently  accurate 
for  our  purpose. 

After  completing  the  traverse,  we  went  into  the  office 
and  plotted  the  survey  on  a  strip  map,  from  which  a 
final  fine  was  chosen.  Items  considered  in  the  choice  of 
a  line  were : 

1.  Minimum  radius  or  curvature  to  be   1,000  feet. 

2.  Minimum  distance  between  reversed  curves,  300 


feet. 
3. 
4. 
3. 
6. 


Minimum  length  of  curve,  1,000  feet. 

Maximiun  grade,  5  per  cent. 

Mininumi  property  damage. 

Location  of  drainage  structures. 
The  permanent  line  being  definitely  chosen,  we 
settled  down  to  the  real  job  of  making  a  complete  survey 
of  the  route.  Our  controlling  points  in  the  field  for  the 
final  survey  were  P.  I.'s  on  the  traverse  line  and  various 
physical  featiuxs  such  as  existing  bridges,  buildings,  etc. 
In  order  to  speed  the  work  along,  several  parties  were 
used  in  the  field.  We  ran  in  the  transit  line,  setting  100 
foot  stations,  establishing  P.  I's  and  running  the  curves. 
The  second  party  referenced  all  hubs  and  measured  in 
all  topographic  features.  They  also  turned  angles  to  the 
fences  and  streams.  The  third  group  ran  the  bench  marks 
and  did  the  cross  sectioning,  while  party  number  four 
located  section  corners  and  land  lines.  A  fifth  group 
traced  out  drainage  areas  as  a  field  check  to  the  calcula- 
tions made  from  the  U.  S.  G.  S.  map. 

In  setting  stations  on  the  line,  we  used  eight  penny 
common  nails  with  small  red  rags  tied  around  the  heads, 
instead  of  the  conventional  wooden  stakes.  The  head 
chainman  wore  a  carpenter's  apron  in  which  he  carried 
the  nails,  his  plumb  bob,  keel,  etc.  Every  fifth  station 
was  additionally  marked  with  a  lathe  stake.  For  hubs, 
we  used  half  inch  iron  pipes  driven  below  the  surface 
of  the  ground.  These  hubs  were  referenced  by  means 
of  at  least  three  measurements  to  objects  such  as  trees, 
fence  posts,  holders,  etc.,  that  were  within  one  hundred 
feet  of  the  hub.  Reference  points  in  trees  were  estab- 
lished by  means  of  short  shingle  nails  with  galvanized 
iron  washers.  Our  transit  methods  followed  the  ordinary 
procedure  of  prolonging  the  line  by  double  centering, 
and  doubling  all  angles. 
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After  completing  the  survey  on  Route  53  we  were 
assigned  a  different  type  of  work,  that  of  making  pre- 
h'minary  surveys  for  proposed  grade  separations.  Our 
experience  in  Lisle  made  our  party  particularly  well  fitted 
for  this  new  job.  The  elimination  of  highway  and  rail- 
road grade  crossings  has  been  done  quite  frequently  in 
the  past,  but  grade  separation  at  highway  intersections  is 
a  new  departure  in  road  building.  The  need  for  an  ade- 
quate means  of  handling  traffic  at  busy  crossings  has 
become  much  more  apparent  with  the  construction  of 
forty  foot  highways,  and  the  answer  to  the  problem 
seems  to  be  a  structure  that  will  allow  traffic  to  pass 
under  and  over  it,  with  a  minimum  amount  of  inter- 
ference from  vehicles  that  are  changing  direction.  As 
designed  by  the  State  Highway  Department,  these  struc- 
tures will  probably  be  of  reinforced  concrete,  and  to- 
gether with  the  connecting  ramps,  will  represent  a  large 
investment. 

Figure  2  is  a  plan  view  of  a  grade  separation,  the 
arrows  indicating  the  routing  of  vehicles  so  that  there 
will  be  no  crossing  of  traffic,  and  no  left  turns.  A  driver 
approaching  from  the  left  and  desiring  to  turn  left  would 
cross  over  the  structure,  turn  right  around  ramp  C  and 
then  pass  through  the  subway.  In  cases  where  left  turns 
are  permissible,  the  drive  above  would  turn  left  around 
ramp  A.  The  intersections  as  built  will  be  modifications 
of  this  more  or  less  ideal  arrangement.  Figure  3  is  a 
perspective  drawing  of  a  grade  separation,  the  connecting 
ramps  not  being  sho^\n.  In  the  case  of  a  sharp  angle  of 
intersection,  such  as  this,  two  ramps  will  probably  be 
used  opposite  the  small  angles. 

A  preliminary  survey  for  a  grade  separation  involves 
the   establishing  of  the  center  lines  of   the   two   routes. 


correct  measuring  of  the  angle  of  intersection,  the  run- 
ning in  of  the  center  lines  of  the  connecting  ramps,  the 
cross-sectioning  of  both  ramps  and  intersecting  routes,  and 
a  careful  survey  of  all  drainage  possibilities.  The  surveys 
of  the  two  lines  were  extended  1,500  feet  each  way  from 
the  intersection.  The  ramps  were  turned  out  at  an 
average  distance  of  500  feet  from  the  point  of  inter- 
section. 

In  the  case  of  surveys  on  two  new  routes,  our  first 
job  was  to  establish  the  center  lines,  and  turn  the  angle 
of  intersection.  Next  we  chained  out  500  feet  in  each 
direction  along  the  center  lines,  and  turned  right  angles 
to  the  tangents  at  the  points  thus  located.  These  lines 
were  extended  to  their  intersections,  thus  forming  a  closed 
polygon.  The  angles  at  the  P.  I.'s  were  then  measured, 
and  we  were  not  satisfied  until  the  polygon  closed  within 
one  minute  of  the  actual  value.  After  measuring  the 
sides  of  the  polygon,  we  had  the  central  angle  and  allow- 
able tangent  lengths  for  each  ramp.  In  the  case  of 
unequal  tangents,  we  used  the  shorter  lengths  as  the 
tangent  distance.  From  this  data  we  calculated  the 
curves,  being  sure  to  use  the  proper  chord  lengths  for 
the  degree  of  curve  used.  In  most  cases  it  was  necessary 
to  use  lengths  of  12yj  feet  or  25  feet.  With  a  little 
care  in  running  these  curves,  the  error  of  closure  was 
made  quite  small.  While  doing  the  cross  sectioning,  we 
took  levels  along  the  nearby  water  courses  in  order  that 
the  design  office  might  have  information  relative  to  the 
drainage  possibilities.  The  last  job  was  the  hardest  of 
all,  that  of  pi[tting  down  test  holes.  We  used  a  seven- 
inch  augur  with  four  foot  extensions,  an  outfit  that  was 
efficient  in  earth,  but  was  not  good  for  drilling  in  loose 
rock  or  sand.  We  usually  struck  hard  clay  or  rock  at  a 
depth  of  about  fifteen  feet  from  the  surface. 


Fiij.  3:    Pirspt'ilh'i'  draiuinij  of  a  (jraJc  siparation 
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What's  the  Future  of  the  Pipe  Line? 

1  he  past  few  years  have  seen  vast  extensions  of  the 
pipe-line  systems  of  the  United  States,  and  during  the 
depressed  period  from  which  we  are  beginning  to  emerge 
pipe-line  stock  has  perhaps  been  one  of  those  which 
suffered  least.  But  now  railroads  have  reduced  their 
transportation  rates  on  oil,  and  pipe-line  stock  is  fall- 
ing off. 

A  pipe  line  is  certainl\  a  one-purpose  piece  of  equip- 
ment. We  can  conceive  of  a  tank-car  being  converted 
into  some  sort  of  refrigerator  car,  but  it  stretches  our 
imagination  too  far  to  picture  butter  or  lard  being  forced 
through  a  thousand  miles  of  underground  line.  Being  a 
one-purpose  piece  of  capital,  then,  it  behooved  its  backers 
to  thoroughly  investigate  the  sufficiency  of  that  one  pur- 
pose to  pay  dividends  on  the  capital  they  were  investing. 

It  does  not  seem  that  financiers  would  go  to  such 
vast  expenditures  as  they  have  in  these  installations  with- 
out first  considering  the  lowest  cost  at  which  railroads 
could,  and  hence  ultimately  would,  transport  oil.  On 
the  other  hand,  a  claim  is  made  that  the  actual  cost  of 
transportation  of  a  gallon  of  oil  from  Texas  to  the  east 
coast  is  in  the  neighborhood  of  three  cents.  Can  the  pipe- 
luie  companies  do  much  better?     Time  will  tell. 


We're  Sorry  We  Came 

With  dyspeptic  ill-humour,  one  of  our  campus  pub- 
lications siezes  upon  the  project  of  establishing  a  freshman 
Knglish  course  for  engineers  in  which  the  material 
studied  would  be  entirely  of  an  engineering  natme,  and 
makes  remarks  to  the  effect  that  this  is  a  step  "in  the 
right  direction,"  which  direction  proves  to  be  the  com- 
plete segregation  of  the  engineering  school  from  the  Uni- 
versity. 

On  the  one  hand,  we  do  not  believe  that  any  such 
change  in  the  curriculum  should  be  made.  Engineers 
are  being  forced  more  and  more  today  into  contact  with 
men  and  women  in  widely  varying  activities,  and  more 
and  more  are  coming  to  need  every  broadening  influence 
they  can  avail  themselves  of  in  order  to  become  success- 
ful. The  chances  for  these  influences  are  small  at  best 
with  the  few  electives  at  the  disposal  of  engineering  stu- 
dents, and  we  believe  it  would  be  a  distinct  error  on  the 
part  of  those  planning  the  curriculum  to  make  this  con- 
templated change. 


On  the  other  hand,  it  grieves  us  deeply  that  we  are 
not  wanted  hereabouts.  It  does  us  little  good  to  think 
of  ourselves  as  belonging  to  one  of  the  largest  schools  of 
the  UniversitN',  and  to  that  particular  one  which  has 
done  more  to  bring  fame  and  honor  and  glory  to  Illinois 
than  any  other,  when  we  know  that  other  loyal  Illini  arc 
looking  anxiously  forward  to  our  segregation  from  their 
select  group.  So  we  sadly  and  abashedly  lower  our  eyes, 
and,  nervously  fingering  our  slide-rules,  mumble, 

"Pardon  us,  please,  for  living." 


Are  We  Neglecting  Our  Patron  Saint? 

St.  Patrick  was  an  engineer. 

He  was  !    He  was! 
St.  Patrick  \\  as  an  engineer. 

He  was!    He  was! 
For  he  invented  the  calculus. 
And  handed  it  down,  he  did,  to  us — 

Erin  Go  Bragh! 

Rah  for  the  engineers! 

With  this  and  many  similar  songs  of  rejoicing  the 
engineers  of  colleges  in  the  Missouri  valley  and  many 
other  sections  of  the  United  States  pay  tribute  to  the 
popular  old  Irishman  who  has  become  the  patron  saint 
of  engineers. 

That  he  is  their  patron  saint,  everyone  of  any  im- 
portance knows — for  didn't  he  make  Ireland  habitable 
by  draiiu'ng  the  land  and  by  building  Allah  knows  how 
many  bridges  and   roads .' 

In  celebration  of  St.  Patrick's  day  elaborate  programs 
are  carried  out  by  the  facidty  and  student  bodies  of  many 
engineering  schools.  The  lighter  vein  is  evidenced  in  the 
faculty-student  mud-slinging  banquet  popular  in  many 
places,  and  the  ball  at  which  the  St.  Pat's  queen,  chosen 
by  secret  ballot,  is  announced  and  crowned.  More  seri- 
ousl\',  the  St.  Pat's  day  program  is  an  oppoitunity  for 
every  student  and  faculty-member  in  the  University  to 
visit  the  engineering  laboratories  in  operation  and  see 
exhibits  of  all  the  phases  of  their  activity,  and  one  feature 
of  the  day  is  the  dubbing  as  Knights  of  St.  Pat  all  those 
seniors  who  have  maintained  high  scholastic  averages. 

We  would  like  to  see  some  energetic  group  push  the 
inauguration  of  some  similar  activity  on  the  Illinois 
campus.    There  is  a  place  for  such  a  program. 
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A  New  Service  by  the  A.  S.  C.  E. 

Civil  Engineering,  the  new  nionthK'  publication  of 
the  American  Society  of  Civil  Engineers,  receives  a 
hearty  welcome  from  the  editors  of  the  Technograph. 

Its  publication  policy  states  that  "Civil  Engineering" 
is  needed  to  amplify  the  service  of  the  society  to  its  mem- 
bers, and  that  it  will  present  some  of  the  society's  tech- 
nical papers  in  a  form  which  shall  be  attractive  to  a  large 
proportion  of  the  members,  and  will  provide  a  suitable  out- 
let for  material  dealing  with  professional  activities,  thus 
making  the  society  a  more  dynamic  force  in  the  non- 
technical and  professional  relations  of  the  engineer,  and 
will  furnish  improved  facilities  for  the  officers  and  com- 
mittees of  the  technical  divisions. 

It  does  precisely  those  things.  Main'  of  us  \v\\o  in 
the  past  have  had  occasion  to  wade  through  the  extremeh 
technical  articles  of  "Transactions'  and  "Proceedings" 
will  welcome  the  more  popular  presentation  of  timely 
subjects  which  is  made  in  "Civil  Engineering."  Business 
men  and  lawyers  whose  relations  with  engineers  make 
some  knowledge  of  current  engineering  events  and 
practice  desirable  or  e\en  necessary  will  find  that  knowl- 
edge easily  obtainable  in  its  pages.  Practicing  engineers 
will  find  it  to  contain  valuable  hints  on  construction 
methods. 

We  hope  Civil  Engineering  will  be  given  a  place  on 
the  magazine  rack  of  the  engineering  library  at  an  early 
date. 


Some  Suggestions  for  an  Improved 
Curriculum 

It  is  hardly  the  right  of  undergraduates  to  state  what 
the  curriculum  should  comprise,  but  we  believe  there  are 
certain  friendly  criticisms  which  might  be  made  to  ad- 
vantage, particularly  with  respect  to  design  and  mathe- 
matics. 

From  practically  every  employer  of  engineering  gradu- 
ates comes  the  complaint  of  lack  of  practicality — ignor- 
ance of  construction  methods ;  limits  to  whfch  theory 
can  be  carried.  It  would  be  supposed,  then,  that  the  at- 
tention of  the  engineering  school  should  turn  towards 
instruction  along  practical  lines,  in  order  to  better  pre- 
pare its  students  for  their  first  jobs. 

An  admirable  opportunity  for  this  presented  itself  to 
Illinois  last  year  and  this  in  the  varied  engineering 
projects  being  carried  on  on  the  campus.  For  example, 
the  senior  civil  design  could  have  been  varied  from  the 
time-honored  precedent  of  designing  a  mill-building  to 
the  design  of  a  gymnasium,  following  the  general  dimen- 
sions of  the  new  women's  gym  now  being  erected. 
Parallel  with  truss,  column,  and  girder  design  could 
come  visits  at  the  site  of  the  work,  with  the  chance  to 
observe  details  of  design  and  requirements  of  construc- 
tion methods  which  otherwise  make  only  a  faint  impres- 
sion on  the  student.  Hut  no  such  change  was  made. 
While  the  steel  erection  goes  on,  the  senior  civils  pond(  r 
over  a  hypothetical  problem  worth  half  as  much. 

Similarly,  when  the  reinforced  concrete  chemistr\ 
annex  was  being  constructed  last  spring,  juniors  in  the 
reinforced  concrete  classes  were  never  once  referred  to 
any  detail  of  its  construction,  and  while  pouring  was 
taking  place  the\  were  in  the  basement  of  the  materials 
testing  laborator\  watching  the  breaking  of  concrete 
beams — an  experiment  they  could  ha\e  witnessed  any 
other  day  of  the  year. 

It  would  also  seem  that  the  highway  course  could 
have   been    varied   or   extended    to   include   a   design    and 


estimate  for  the  repaving  of  Wright  street,  a  project  of 
interest  and  importance  to  e\ery  one  in  the  class.  Such  a 
project  would  have  gi^en  opportunitv'  for  a  later  com- 
parison with  actual  methods  and  costs  of  construction. 
But  the  repaving  was  scarcely  mentioned,  though  costs 
of  hypothetical  jobs  were  figured. 

If  then  the  engineering  graduate  is  criticized  for  lack 
of  practicality  is  it  not  at  least  in  part  due  to  the  failure 
of  his  instructors  to  make  their  courses  flexible  enough 
to  take  advantage  of  such  opportunities  as  these? 

A  second  criticism  we  want  to  present  is  the  rather 
lax  method  of  introducing  engineers  to  higher  mathe- 
matics. It  is  almost  axiomatic  that  a  good  engineer  must 
"have  a  turn"  for  mathematics,  yet  it  seems  that  a  great 
many  times  the  tendency  has  been  to  make  the  exposure 
as  painless  as  possible.  While  it  is  true  that  calculus  (in 
particular)  is  little  used  by  the  engineer  in  practice,  it  is 
equally  true  that  as  the  basis  of  mechanical  principles 
and  the  elastic  theory  it  is  invaluable  in  the  science  of 
engineering,  and  the  student  with  a  sound  knowledge  of 
its  processes  finds  mechanics  and  resistance  of  materials 
infinitely  simplified  and  is  enabled  therefore  to  put  more 
attention  to  the  practical  aspects  of  these  subjects. 

In  particular,  our  attention  was  called  very  forcibly 
this  fall  to  an  engineering  sophomore  whose  calculus  in- 
structor had  decided  to  omit  considerable  of  the  intro- 
ductory matter  concerning  the  significance  of  the  deriva- 
tive "in  order  to  save  time,"  and  had  plunged  the  class 
into  rules  for  differentiation  without  a  single  student's 
understanding  the  nature  or  the  \alue  of  the  process. 
This  information  came  from  an  "A"  student  and  we  do 
not  believe  it  was  prejudiced.  No  wonder  the  juniors 
attack  integral  signs  with  blank  looks  and  faint  hearts. 

This  is  our  side  of  the  question.  (^ur  instructors 
shoidd  and  undoubtedly  do  have  very  good  reasons  for 
the  methods  they  choose,  but  it  still  seems  that  something 
might  be  done  about  it. 


Arc-Welding  Comes  to  Stay 

Arc-welding  of  steel  buildings  has  acquired  a  recog- 
nized place  in  engineering  practice.  Boston  and  New 
York  both  have  large  new  buildings  partially  or  wholly 
constructed  by  this  method,  and  its  many  advantages  arc 
attracting  engineers  throughout  the  countr\. 

It  is  a  progressive  step,  it  would  seem,  even  from  the 
standpoint  of  business  efficiency  alone.  It  would  be  an 
interesting  job  for  someone  with  nothing  to  do  to  calcu- 
late the  annual  cost  of  the  work  of  re-adding  columns  in 
ledger  books  and  relocating  misplaced  commas  made 
necessary  by  the  sudden  staccato  of  the  riveting  machine 
on  the  skeleton  across  the  way.  In  downtown  districts 
the  relief  from  construction  noises  will  be  immense. 

Apparently  shop  work  will  be  considerably  reduced. 
Plate  girders  which  now  require  thousands  of  rivets  in 
thousands  of  holes  will  be  built  up  imder  the  electric  arc, 
machine  operated,  at  great  speed  and  reduction  of  cost. 

In  the  field,  stresses  due  to  reaming  out  holes  to 
match  and  the  uncertainty  caused  by  possible  overheating 
of  rivets  will  be  eliminated. 

Further  progress  of  this  method  will  depend  on  the 
education  of  conservative  engineers  to  the  reliability  of 
welded  joints.  It  would  seem  that  the  electric-welding 
art  has  progressed  far  enough  be\ond  an  experimental 
stage  that  it  can  be  classed  with  riveting  as  a  satisfactory 
scheme  for  joining  structural  members. 

Perhaps  the  engineering  experiment  station  of  the 
1 'niversity  will  undertake  an  investigation  of  the  new 
method  and  by  its  reports  aid  in  improving  design 
schemes  for  use  with  it.  Our  laboratory  is  admirably 
equipped   for  big-scale  tests  of  this  nature. 
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ArchitecUiral 

A.  F.  Deam  has  come  to  the  University 
from  Armour  Institute  to  become  professor 
of  architecture.  He  has  attended  the 
Academy  in  Rome  as  a  Fellow  and  has 
travelled  extensively  in  F-urope.  lie  has 
done  much  work  with  Hurnham  Hros.  of 
Chicafio.  W.  II.  Sheik  left  the  Oklahoma 
A.  and  M.  ColleKe  to  become  instructor  in 
architecture  at  the  tiiiversity.  While  at 
Carnegie  he  received  the  A.  I.  \.  medal  as 
well  as  other  minor  prizes.  J.  E.  Sweet  has 
become  instructor  of  architecture,  coming 
from  the  architectural  offices  of  John 
F.berson  and  D.  B.  Hull  in  Chicago. 
Louise  Marie  Wood  roof  e  has  returned  as 
instructor  of  architecture  after  a  four 
years'  absence.  She  has  recentiv  studied 
in  California.  W.  .'\.  Ganster,  H.  J.  Har- 
man,  and  Charles  Hehrensmeyer  have  be- 
come assistants  in  architecture,  having 
graduated  from  the  University  last  June. 
E.  F.  Toth  has  left  the  architectural 
offices  of  C.  W.  Lampe  and  Companv  of 
Chicago  to  become  assistant  in  architec- 
ture. 


The  Travelling  Exhibition  of  the 
Beaux-Arts  Competition,  23rd  Paris  Prize, 
were  on  displav  November  11-1+.  Projects 
by  graduates  from  the  Behrens  Master 
School  in  Architecture  at  the  Academy  of 
Fine  Arts  in  Vienna  were  on  display  No- 
vember 1  to  14.  Exhibition  of  the  Founda- 
tion of  Architecture  and  Landscape 
.Architecture,  Lake  Forest,  will  be  on  dis- 
plav December  1  to  13.  The  Grand 
Central  Exhibition  will  be  on  display  No- 
vember 22  to  December  22. 


Ceramics 

On  October  1  the  American  Ceramic 
Societv  held  their  first  meeting  of  the 
year  in  the  cabinet  room  of  the  Union 
building.  Twentv-three  were  present. 
Professor  R.  K.  Hursh  gave  a  talk  con- 
cerning the  society,  discussing  the  founda- 
tion and  the  activities  of  both  the  senior 
and  the  student  chapters.  Dr.  A.  I.  \n- 
drews  spoke  next,  giving  three  main 
points  in  his  speech  about  the  benefits 
which  come  from  the  society:  inspiration, 
information,  and  social  contact. 

.\  letter  from  Professor  C.  W.  Parme- 
lee,  head  of  the  department,  who  is  on  a 
trip  in  Europe  during  his  Sabbatical  year, 
was   read. 


Professor  Parmelee  is  on  a  leave  of  ab- 
sence in  Germany.  Professor  Hursh  is 
now  acting  head  of  the  department.  Mr. 
H.  W.  Alexander  has  been  appointed  an 
assistant  in  charge  of  laboratory  work 
for  the  present  year.  Last  summer  tests 
were  performed  on  the  slagging  of  boiler 
furnace  refractories.  This  investigation  is 
in  co-operalion  with  the  American  Society 
of  Mechanical  Engineers.  The  I'tilities 
Research  Commission  took  part  in  tests  on 


the  ageing  of  porcelain.  Some  work  was 
done  on  the  atfcct  of  atmospheric  condi- 
tions in  the  smelting  of  sheet  steel  enamels. 
Mr.  R.  M.  Smith,  research  graduate  in 
the  Engineering  Station,  will  assist  in  the 
investigations  on  metal  enamels.  Mr. 
Delos  Wamsley  is  a  special  research 
graduate  assistant  assigned  to  the  ageing 
of  porcelain  investigation. 


Civil 

At  4  o'clock,  Wednesday  afternoon, 
October  8,  the  student  branch  of  the 
American  Society  of  Civil  Engineers  had 
the  opportunity  and  pleasure  of  hearing 
Mr.  C.  E.  Grunsky  speak  on  "Flood 
Control."  Mr.  Grunsky,  who  received  his 
education  in  Germany,  is  a  well  known 
authority  on  flood  control   engineering. 

The  meeting  was  very  well  attended 
and  Mr.  Grunsky  presented  his  talk  in 
such  a  manner  as  to  make  it  interesting 
to  everyone.  He  spoke  mostly  about  the 
rivers  in  California,  explaining  that 
close  observation  and  study  of  each  par- 
ticular river  was  necessary  before  one 
could  devise  means  of  controlling  it  dur- 
ing   periods   of    flood. 

Mr.  (irunsky  stressed  the  fact  that,  in 
flood  control  work,  a  factor  of  safety 
should  be  employed  that  will  adequately 
take  care  of  largest  flood  on  record  for 
that  particular  locality.  Records  for  the 
last  20  or  30  years  should  not  be  used 
as  a  basis  in  design,  but  rather  records  for 
the  last  110  years,  or  even  longer  if  they 
are  available. 


A  business  meeting  of  Chi  Epsilon  was 
held  in  Room  211,  October  8,  at  4  p.  m. 
The  meeting  was  called  to  order  by 
President  F.  S.  Brown.  On  account  of 
Joe  Tiffany,  Secretary-Treasurer,  not  re- 
turning this  year,  M.  M.  Culp  was  elected 
to  serve  in  that  capacity.  M.  T.  Ekovich 
was  selected  as  representative  to  the 
National  Conclave  at  Minneapolis,  Minne- 
sota, October  18-19.  Ekovich  has  returned 
and  reports  a  good  meeting  and  trip. 


Mr.  K.  C.  Tippy,  who  graduated  in 
June  1927,  has  taken  the  place  of  Mr.  E. 
M.  Loebs,  who  was  instructor  of  civil  en- 
gineering. R.  W.  Kluge,  B.  S.  '28  and  M. 
S.  1930  has  been  added  to  the  staff  to 
help  with  the  teaching  load  of  the  depart- 
ment while  Professor  Cross  is  on  leave  of 
absence.  There  are  now  thirty-one  gradu- 
ate students  in  civil  engineering  which  is 
(juite  an  increase  over  the  past  few  years. 


Prof.  R.  A.  Hall  has  gone  to  the  de- 
partment of  Civil  Engineering  at  Union 
College,  Schenectady,  to  take  charge  of 
engineering  drawing.  J.  F.  Tendrum, 
graduate  of  the  department  of  Architec- 
ture at  Michigan,  has  taken  Prof.  Hall's 
place. 


Electrical 

In  the  article  "What  Branch  of  En- 
gineering Shall  I  Choose"  which  appeared 
in  the  October  Technograph,  Prof.  E.  C. 
Schmidt  was  indicated  as  the  head  of  the 
electrical  engineering  department.  Prof. 
E.  B.  Paine  is  the  head  of  this  depart- 
ment and  was  the  author  of  the  article 
concerning  its  work.  We  wish  to  apologize 
for  this  error. 


Professor  C.  A.  Keener  has  returned  to 
teacliing  duties  after  spending  a  year  in 
the  engineering  work  in  the  office  of  the 
Consulting  Engineer,  General  Electric 
Co.,  Schenectady,  New  York.  Mr.  F.  T. 
Tingley  was  at  the  University  last  year 
taking  Professor  Keener's  place.  He  is 
now  in  the  electrical  engineering  depart- 
ment of  Clemson  College. 


Mechanical 

The  American  Society  of  Mechanical 
Engineers  held  its  first  meeting  of  the 
year  Wednesday  evening,  October  8,  in 
the  M.  E.  Lab.  It  was  in  the  form  of  a 
general  get-together  and  smoker  for  me- 
chanical  engineers. 

Various  members  of  the  mechanical  en- 
gineering faculty  gave  brief  talks.  Prof. 
A.  C.  Willard.  head  of  the  department, 
discussed  "Professionalism"  and  urged  all 
engineers  to  develop  a  professional  spirit. 
Prof.  C.  W.  Ham  and  Prof.  Goff  ex- 
plained different  phases  of  the  A.  S.  M.  E. 
Mr.  V.  W.  Joslin  '31,  president  of  Pi 
Tau  Sigma,  honorary  mechanical  en- 
gineering fraternity,  presented  J.  H.  Rick- 
erman  '33  with  a  handbook  for  having 
the  highest  average  in  mechanical  en- 
gineering in  his  class.  Plenty  of  cider 
and  doughnuts  were  served  after  the 
meeting   adjourned. 


R.  E.  Gould  left  his  job  as  research 
associate  in  the  University  to  become  re- 
search engineer  at  the  Frigidaire  plant  at 
Dayton,  Ohio. 

Mr.  Broderich  has  been  appointed  as 
research  assistant.  Mr.  Espy  has  been 
appointed  an  assistant  professor  to  take 
the  place  of  Professor  H.  E.  Degler  who 
is  now  at  the  U.  of  Texas  as  head  of 
the  department  of  M.  E.  Mr.  Fellows  has 
been  added  to  the  M.  E.  staff. 

Dr.  J.  A.  Goff  has  come  from  the  West- 
inghouse  Electric  Co.  to  become  associate 
professor    of    thermodynamics. 

H.  J.  Stoever,  research  graduate  as- 
sistant, has  gone  to  Westinghouse  Electric 
Co.   as    research   engineer. 


Mining 


The  Mining  Society,  an  affiliated  stu- 
dent society  of  the  American  Institute  of 
Mining  and  Metallurgical  Engineers,  held 
its  organization  meeting  on  October  15. 
The  officers  elected  were;  H.  M.  Adams, 
president;   W.   M.   Kratz,   vice-president; 
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R.  M.  Schercr,  secretary-treasurer.  Pro- 
fessor Callen  gave  a  talk  on  the  history 
of  the  society  and  its  relationship  to  the 
A.  I.  M.  E.  Preliminary  plans  were  made 
to  bring  several  moving  pictures  of 
mining  subjects  to  the  campus  for  open 
meetings  of  the  society.  Cider  and  dough- 
nuts were  enjoyed  at  the  close  of  the 
meeting. 


The  Hercules  Powder  Company  has 
just  reprinted  a  series  of  lectures  on 
Mine  Foremanship  by  Dr.  John  J.  Rut- 
ledge  '94,  chief  mine  engineer  of  the 
Maryland  Bureau  of  Mines.  These  were 
originally  published  in  the  Exf>losivi'  En- 
gineer, but  there  was  such  a  demand  for 
them  to  be  issued  in  separate  form  that 
the   reprints  were  gotten  out. 


Mr.  H.  P.  Nicholson,  instructor  in 
mining  engineering,  has  received  his  pro- 
fessional degree,  engineer  of  mines,  from 
Iowa  State  College.  Professor  Callen  has 
been  appointed  chairman  of  the  Mine 
Ventilation  Committee  on  Engineering 
Education.  Mr.  C.  M.  Smith  is  also  a 
member  of  the  Mine  \'entilation  Commit- 
tee of  the  Institute.  He  and  Mr.  D.  R. 
Mitchell  were  appointed  members  of  the 
Coal  Preparation  Committee  of  the  newly- 
formed  Coal  Division  of  the  A.  I.  M.  E. 


Freshman  Lecture 

The  first  engineering  lecture  \vas 
given  by  Prof.  A.  C.  Callen,  head  of 
the  department  of  mining  engineering, 
on  "The  Romance  of  Mining."  The 
first  group  of  slides  showed  how  modern 
are  the  salt  and  copper  mines  of  Japan. 
The  salt  mines  appeared  as  huge  build- 
ings. A  very  beautiful  ballroom  was  built 
underground  of  solid  salt.  The  different 
tunnels  looked  like  subways  and  were 
decorated  quite  artistically.  There  were 
also  slides  of  the  more  common  types  of 
mines.  One  of  those  used  as  an  example 
was  the  strip  coal  mine  near  Danville, 
Illinois,  that  until  1915  had  the  largest 
steam  shovel  in  operation. 

The  University  is  very  well  situated  for 
the  studv  of  mining  because  the  largest 
mines  of  the  I'nited  States  are  within  a 
radius  of  five  hundred  miles.  This 
makes  it  possible  for  the  senior  inspection 
trip  to  include  mines  of  all  descriptions 
and  kinds  of  metals.  The  inspection  trip 
includes  the  largest  lead,  zinc,  iron, 
copper  and  coal  mines  in  the  United 
States.  Most  of  these  mines  are  found 
east  of  the  Mississippi  instead  of  west  as 
most  people  believe. 

There  is  a  place  for  cverv  kind  of  en- 
gineer in  the  mining  industry.  The 
tunnels  have  to  be  planned  just  like  any 
building.  This  gives  draftsmen  or  archi- 
tects an  opportunity.  In  some  mines  the 
tunnels  are  supported  b\-  means  of  large 
steel  beams.  The  electric  engines  used  to 
haul  the  trains,  the  ventilation  of  the 
mines  and  many  other  things  '..ake  it 
necesary  for  all  the  different  engineers 
to  be  employed  in  a  mine. 

The  second  freshman  engineering 
lecture  was  given  by  C.  E.  Clnmsky,  city 
engineer  of  San  Francisco,  on  the  history 
of  engineering. 

"In  earlier  times  all  engineering  work 
was  called  architecture,"  Mr.  Grunsky 
said,  "and  it  was  in  France  that  the  first 
distinction  was  made  between  engineering 
and    architecture." 

Engineering  has  developed  rather  re- 
cently in  the  I'nited  States.  The  first 
great  engineering  project  the  I'nited 
States  undertook  was  the  Panama  Canal. 
In   fact,   the   only   consulting   engineers   in 


the  country  up  to  the  time  of  the  World 
war   were   in   the   army. 

In  speaking  of  ancient  engineering 
projects,  Mr.  Grunsky  brought  out  the 
fact  that  the  Egyptians  are  known  not 
only  for  their  pyramids  but  for  their 
irrigation  systems  as  well.  He  described 
interesting  events  in  the  making  of  the 
first  telegraph,   airplane,  and  steam  engine. 

Compressed  air  and  hydraulic  machinery 
was  the  subject  of  the  third  lecture.  Dean 
Jordan  presented  two  reels  of  films  show- 
ing the  design  and  use  of  various  pieces 
of  pressure  apparatus,  and  the  detailed 
construction  of  some  of  the  more  common 
ones. 

There  are  few  industries  that  do  not 
use  compressed  air  of  hydraulic  pressure. 
Dean  Jordan  brought  out.  Compressed 
air  has  its  greatest  field  of  uses  in  mines, 
where  it  is  used  for  the  various  drills,  for 
ventilation,  and  for  raising  and  lowering 
the  cage.  In  glass  blowing,  manufacture 
of  automobile  fenders  and  hoods,  ice  man- 
ufacturing plants,  stone  quarrying,  and 
riveting,  compressed  air  also  finds  a 
place.  . 

Hydraulic  pressure  is  used  where  a 
smooth,  powerful  force  is  needed.  Com- 
pressed air  pressure  is  very  jerky,  and 
cannot  be  used  in  some  industries  because 
of  this. 


General 

B.  B.  Betty  is  now  special  research  as- 
sistant, having  received  his  degree  of  M. 
S.  at  the  University  in  1930.  T.  G.  Taylor 
is  research  graduate  assistant  in  Theo- 
retical and  Applied  Mechanics.  He  gradu- 
ated from  the  University  in  June,  1930 
with  a  B.  S.  degree  in  architectural  en- 
gineering. Dr.  H.  M.  Westergaard  has 
returned  from  a  leave  of  absence  to 
Denver,  Colorado.  Roy  Tucker  is  a  special 
research  assistant  in  the  concrete  column 
investigation.  He  graduated  from  the 
University  in  1923  with  a  B.  S.  degree 
in  railway  civil  engineering.  He  received 
a  civil  engineering  degree  from  the  Uni- 
versity in  1928.  He  was  professor  of 
mechanics  and  materials  at  Clemson  Col- 
lege for  three  years. 


On  October  15  Tau  Nu  Tau  gave  a 
rushing  smoker  in  College  Hall.  Major 
C.  H.  Chapman,  the  head  of  the  new- 
coast  artillery  unit  of  the  University  R.  O. 
T.  C,  delivered  a  very  excellent  talk  on 
the  subject  'The  Relation  of  Anti-aircraft 
to  Other  Units."  Major  Chapman's  talk 
was  of  a  very  interesting  and  instructive 
nature.  The  new  unit  chief  is  a  West 
Point  graduate  as  well  as  a  graduate  of 
the  Coast  Artillery  and  Command  Schools 
at  Fort  Leavenworth.  Since  1926  the 
major  has  been  stationed  on  foreign  duty 
in  the  Hawaiian  Islands,  from  which 
service  he  comes  to  assume  command  of 
the   I'niversity's   Coast   Artillery   unit. 

Shop  Crane   Built  of  Strong 
.■\luminuni  Alloy 

The  application  of  aluminum  to  the 
construction  of  a  10-ton  traveling  crane  at 
Massena,  New  York,  is  the  largest  struc- 
tural use  of  aluminum  to  date.  The  three- 
motor  machine  has  a  single-hook  with  a 
lift  of  22  feet.  Two  double-web  girders 
spaced  7  feet  on  centers  with  web  plates 
46x5-16  inches  have  a  span  of  72  feet  2 
inches  the  article  goes  on  to  say  in  an 
October  1930  issue  of  Engineering  News 
Record.  The  flange  angles  are  3}4x3J/lx!/. 
inches,  and  there  are  24x's  inches  cover 
plates  on  top  and  bottom.  The  walkway, 
handrails,  and  operator's  cage  are  also 
made  of  aluminum.    A  one-piece  cast  steel 


trolley  which  is  mounted  on  the  girder 
rails  carries  the  hoisting  mechanism. 

The  ordinary  design  used  for  building 
steel  cranes  was  made  use  of  in  this  de- 
sign with  due  allowance  for  the  difference 
in  mechanical  properties  of  steel  and 
aluminum.  Although  heat-treated  strong 
aluminum  and  structural  steel  have  ap- 
proximately the  same  strength,  the 
modulus  of  elasticity  of  aluminum  is  only 
about  one-third  that  of  steel.  Therefore, 
an  aluminum  girder  of  the  same  cross- 
section  as  a  steel  girder  will  deflect  about 
three  times  as  much  under  load  and  not 
have  as  much  lateral  stiffness.  The 
aluminum  alloy  crane  girder  was  made 
•of  sections  which  were  deeper,  wider,  and 
greater  in  area.  Also  the  girders  were 
given  twice  as  much  camber. 

No  fabrication  difficulties  were  en- 
countered in  building  this  crane  although 
the  compan\'  had  had  no  previous  experi- 
ence in  this  line.  Ordinary  machinery 
was  used  to  flatten  and  shear  the  web 
and  cover  plates.  The  rivet  holes  were 
sub-punched  and  then  reamed  to  size.  The 
hot  steel  rivets,  '4  inch  in  diameter,  were 
driven  with  air-operated  squeeze  riveter'i 
but  occasionally  pneumatic  hammers 
were  used.  Excessive  rivet  temperatures 
were  avoided  to  reduce  the  possibility  of 
drawing  the  temper  in  the  aluminum 
plates.  In  addition,  the  rivets  were  driven 
at  random  in  order  not  to  concentrate  the 
heating  effect  and  in  order  to  help  keep 
the  girder  straight.  Since  long  plates  and 
angles  were  not  available  at  the  time  of 
fabrication,  it  was  necessary  to  use  more 
splices  than  in  ordinary  in  steel  girders. 
Sufficient  time  was  not  available  for  the 
use  of  aluminum  in  the  end  trucks  and 
trolleys. 

\  standard  steel  crane  of  the  same 
capacity  and  span  length  was  erected  at 
the  same  plant  for  comparison  purposes. 
The  only  difference  in  design  was  the 
girders.  The  moment  of  inertia  of  the 
gross  area  about  the  horizontal  axis  is  21 
per  cent,  greater  than  that  of  the  steel 
section.  A  total  of  twelve  tons  was  saved 
in  the  aluminum  alloy  crane.  If  a  more 
extensive  use  of  aluminum  had  been  made, 
the  saving  would  probably  have  been 
about  20  tons.  If  the  dead  weight  can 
be  decreased,  the  supporting  members 
throughout  the  entire  length  of  runway 
can  he  reduced.  The  light  weight  also 
permits  a  saving  in  power  owing  to  the 
smaller  inertia  to  be  overcome  in  starting 
and   stopping. 

Tests  showed  that  the  aluminum  alloy 
crane  deflected  1.8  times  as  far  as  the 
steel  crane  with  the  same  load  at  the 
center  of  the  span.  The  decrease  of  the 
ratio  of  deflection  was  due  to  the  extra 
splice  material  on  the  aluminum  alloy 
crane.  The  article  states,  "The  maximum 
defelction  measured  on  the  aluminum 
alloy  crane  was  1.09  inches  under  a  load 
of  34,500  pounds  which  represents  an 
overload  of  72.5  per  cent,  based  on  the 
rated  capacity  of  the  crane."  .^s  to  per- 
formance, the  aluminum  alloy  crane  has 
proved  itself  very  worthy.  Operators  say 
it  is  very  easy  to  handle  and  quick  to 
spot.  Indications  point  to  a  reduction  in 
power  re(|uirements,  also. 


■  Daddy,  why  is  that  man  running  up 
and  down  the  smoking-car  with  his 
mouth  open  ?" 

"My  son,  that  is  a  Scotchman  getting  a 
free  smoke." 


CJolfer:  "A  bit  off  form  today,  don't 
you  think,  caddie?" 

Caddie:  "Then  you've  played  the  game 
before,  sir?" 
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(Continued  from  Pa<je  6) 
machine  was  almost  wholly  in  the  field  of  the  techniinie 
of  metal  working.  Like  the  lathe,  the  horing  machine 
is  of  great  antiquity  in  the  wood-working  crafts.  Its  chief 
application  to  the  metal  trades  for  a  long  period  was 
boring  cannon  of  bronze  or  cast   iron.     These  cannon- 


Fig.  7 :    The  first  milling  machine 

)m    "English   and   American   Tool    Builders" 


circumference.  When  Watt  conceived  the  idea  of  the 
separate  condenser  in  1765,  he  was  beset  with  seemingly 
insurmountable  difficulties  as  regards  mechanical  equip- 
ment for  building  his  engine  on  a  commercial  basis.  "He 
was  a  skilled  instrument  maker  atul  his  first  small  model 
was  fairly  successful,  but  when  he  undertook  the  practice 
of  mechanics  in  the  i/reat  his  skill  and  the  skill  of  all 
those  about  him  was  incapable  of  boring  satisfactorily  a 
cylinder  six  inches  in  diameter  and  two  feet  long:  and 
he  had  finally  to  resort  to  one  which  was  hammered.  For 
ten  wear>-  \ears  he  struggled  to  realize  his  plans  in  a  full- 
sized  engine,  unable  to  find  either  the  workmen  or  the 
tools  winch  could  make  it  a  commercial  success.  His 
chief  difficulty  lay  in  keeping  the  piston  tight.  He 
wrapped  it  around  with  cork,  oiled  rags,  tow,  old  hats, 
|iaper  and  other  things,  but  still  there  were  open  spaces 
left,  sufficient  to  let  the  air  in  and  the  steam  out.  Small 
wonder,  for  we  find  him  complaining  that  in  an  18-inch 
diameter  c\linder,  at  the  worst  place  the  long  diameter 
exceeded  the  short  by  three-eights  of  an  inch.  When 
Smeaton  first  saw  the  engine,  he  reported  to  the  Society 
of  Engineers  that  neither  the  tools  nor  the  workmen 
existed  that  could  manufacture  so  complex  a  machine 
witii  sufficient  precision."  (Roe,  English  and  American 
Tool  Ruilders,  p.  2). 

In  1774  Wilkinson  made  improvements  in  the  boring 
machine  that  can  hardly  be  overestimated  in  their  im- 
portance. He  made  the  boring  bar  heavier,  ran  it  clear 
through   the   cylinder   giving   it  a   fixed   support   on   the 


boring  machines  were  usually  vertical,  tile  cannon  being 
suspended  o\er  the  boring  tool  and  held  against  it  by 
gravity.  In  this  case  the  boring  tool  was  turned  by  horse 
power. 

The  introduction  of  the  Newcomen  and  Watt  en- 
gines with  cylinders  30  to  60  inches  in  diameter  created 
new  and  difficult  problems.  Smeaton  had  designed  a 
boring  machine  in  1769  for  machining  cannon.  This 
machine  is  shown  in  Fig.  4,  as  applied  to  the  boring  of 
a  c\linder.  It  consisted  of  a  head  with  inserted  cutters 
mounted  on  a  long,  light,  ovcrluuig  boring  bar,  driven  by 
a   water   wheel.        The   work   was   mounted   on   a   rude 


Fig.  5:    Roberts'  planer,  built  in  1817 
•~i-om    "EnKlish    and    American    Tool    Builders- 


Carriage  aiul  ted  forwaid  against  the  cutter  b\'  means  ot 
a  hand  windlass.  The  cutter  head  was  supported  upon  a 
small  carriage  running  in  the  c\linder,  bur  this  merely 
reproduced  the  irregularities  in  the  original  casting  and 
the    finished    cvlinder   was   neither   straight,    nor    true   in 


Fia.  5.'    Eoyplian  boiu-drill 
From    -A 'History    of    Mechanical    Inventions" 

outer  end.  The  significance  of  this  improvement  may 
be  judged  by  the  statement  of  a  member  of  the  firm  of 
Boulton  and  W^att  who  wrote  that  IVIr.  Wilkinson  had 
bored  for  them  a  cylinder  50  inches  in  diameter  which 
did  not  err  "the  thickness  of  an  old  shilling  in  any  part," 
a  remarkable  accuracy  for  the  boring  equipment  of  that 
period.  It  made  the  steam  engine  a  success,  and  it  may 
be  considered  as  the  first  machine  tool  that  was  adequate 
for  the  requirements  of  large  heavy  work. 

The  drilling  machine,  which  may  be  considered  as  an 
important  element  of  both  the  lathe  and  boring  machine, 
was  probabl\  in  use  in  prehistoric  times  in  the  form  of  the 
bow-string  drill  as  illustrated  in  Fig.  5.  This  form  of 
drill  continued  for  a  long  period  in  antiquity  the  basic 
instrument  for  many  purposes.  It  was  used  by  carpenters, 
furniture  makers,  sculptors,  gem  cutters,  in  the  latter 
instance  merely  as  the  means  of  applying  an  abrasive.  An 
early  form  of  the  present  day  sensitive  drill  consisted  of  a 
ilrill  head  and  a  table  bolted  to  a  wooden  post. 

In  the  invention  and  development  of  the  metal  planer] 
no  man  seems  to  stand  out  clearly,  as  did  Maudslay  and 
Wilkinson,  for  instance,  in  the  development  of  the  lathe 
,ind  boring  mill.  The  French  were  pioneers,  as  indeed 
they  were  in  the  case  of  the  lathe  and  boring  mill,  but 
th;-ir  efforts  apparently  did  not  go  beyond  the  early  crude 
machines  which  were  described  by  writers  on  mechanical 
Mibjects  about  17^0.  The  invention  of  the  planer  has 
h"en  claimed  in  England,  and  it  is  said  that  it  ma\'  have 
been  iinented  independently  in  this  countr\,  although  at 
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It  took  something  more 
than  book  learning 
to  lick  this  cyclone 

A  cyclone  twists  its  destructive  way  through  the  West  .  .  .  telephone  lines  go  down  .  .  . 

communication  must  be  restored  .  .  .  page  Western  Electric!  CL There's  a  real  "kick"  in 
meeting  and  heating  such  emergencies.  It  calls  for  scientific  manage- 
ment, of  course,  the  sort  of  knowledge  you  can  get   from  hooks  and 

Starting      siippltes     on 

arta  is'  bui  a  mailer  training.  But  over  and  above  that  comes  the  sudden  demand  for 
resourcefulness,  man-sized  ability,  sheer  grit.  ©.To  supply  the  telephone  companies  of 
the  Bell  System  with  everything  needed  to  give  service,  Western 
Electric  carries  on  a  dependable,  nation-wide  system  of  distribution. 
A  vast  undertakip-^ — yet  only  one  of  this  company's  varied  functions,      yp  '*•  nm.on-.  linoo/ 


Western  Electric 

Manufacturers     Purchasers     V>istributors 
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Sharpening— 

An  expense  tvhich  good  cutters 
do  much  to  reduce 


A  DEPARTMENT  devoted  to  sharpening 
cutters  is  a  necessary  part  of  every  pro- 
duction plant.  The  use  of  good  cutters, 
however,  will  keep  the  expenses  of  maintain- 
ing such  a  department  ■ — •  labor,  wheels, 
equipment. —  at  the  lowest  level. 

Sharpening  costs  eat  heavily  into  profits. 
And,  in  addition,  sharpening  wears  away  the 
cutters  and  shortens  their  life. —  and  so  in- 
creases their  cost.  Brown  &  Sharpe  Cutters 
effect  large  savings  in  sharpening  depart- 
ments. Ask  for  your  copy  of  Small  Tool 
Catalog  No.  31  listing  a  complete  line  of 
cutters.  Brown  &  Sharpe  Mfg.  Co.,  Provi- 
dence, R.  I. 

IBS 


Q] 


Brown  &  Sharpe 
Cutters 

Lower  Production  Costs 


a  later  date.  Certainly  we  know  that  these  two  countries 
were  responsible  for  its  improvements  and  developments. 

In  l'"i<;.  6  is  shown  a  planer  built  in  Kngiand  in  1817 
by  Richard  Roberts.  It  is  now  in  the  South  Kensington 
Museum  in  Loiuion  and  is  said  to  be  the  earliest  planer 
now  in  existence.  It  has  the  ear  marks  of  the  modern 
planer.  The  chisel  auvl  file  marks  on  the  bed  and  way.s 
show  that  it  was  itself  made  without  the  use  of  a  planer. 
The  table  was  hand  operated  through  a  chain  drive. 
From  this  time  on,  the  development  of  the  planer  was 
rapid  and  by  1840  the  design  had  become  fairly  well 
settled. 

The  shaper  was  invented  by  Na.smyth  in  England  in 
1836.  It  was  long  known  as  "Naysmyth's  Steel  Arm." 
The  shaper  was  soon  improved  by  Whitworth  who  added 
the  quick-return  motion  which  has  ever  since  been  known 
as  the  "Whitworth  quick-return  motion." 

The  first  successful  milling  machine  was  built  in  this 
country  by  Eli  Whitney  prior  to  1818.  This  machine, 
Fig.  7,  is  now  in  possession  of  Yale  University.  The  first 
universal  milling  machine  was  invented  by  Joseph  R. 
Hiown  and  was  built  bv  the  Brown  &  Sharpe  Co.,  in 
ISdl. 

Scientific  forms  for  gear  teeth  came  into  use  between 
1800  and  1850  along  with  the  general  development  of 
the  machine  tool.  The  first  ideas  of  the  use  of  epicyclic 
and  involute  curves  for  gear  teeth  are  ascribed  to  Roemer, 
a  Danish  mathamatician,  and  to  De  la  Hire,  a  French- 
man in  the  latter  part  of  the  seventeenth  century.  Camus, 
a  French  mathematician,  and  Willis,  an  Englishman,  are 
perhaps  the  men  who  had  the  most  influence  in  crystalliz- 
ing the  modern  principles  of  gearing. 

Smeaton  is  said  to  have  first  introduced  cast  iron 
gears  in  1769,  at  about  the  time  of  the  introduction  of 
his  improved  boring  machine.  Fig.  4,  and  it  is  claimed  that 
.'\rkwright  used  cast  iron  bevel  gears  in  1775.  As  is  well 
known,  about  fifty  years  ago  the  involute  curve  began 
to  supersede  the  cycloidal  curve  for  gear  teeth,  and  then 
came  the  introduction  of  the  modern  precision  gear  cut- 
ting machines  which  took  over  a  large  part  of  the  gear 
cutting  previously  done  on  the  milling  machine. 

In  early  times  skill  in  hand  forging  is  considered  to 
have  been  equal  to  if  not  better  than  that  of  the  present 
day.  The  first  machine  forging  was  probably  accom- 
plished by  means  of  the  tilt  hammer,  which  was  simply 
a  blacksmith's  hand  hammer  enlarged,  and  operated  me- 
chanically. The  steam  hammer  is  accredited  to  Nasmyth, 
who  in  183Q,  first  outlined  a  design  which  in  its  form 
and  essential  elements,  has  undergone  little  change  since. 

From  the  foregoing  we  may  be  able  to  obtain  some 
idea  of  the  state  of  mechanical  equipment  up  to  about 
the  period  of  our  Revolutionary  War.  Forging  and 
foundry  practice  seem  to  have  made  steady  progress,  but 
the  appliances  for  cutting  metal  were  little  better  than 
those  of  the  Middle  Ages.  During  the  period  from  about 
1775  to  18(X),  due  very  largely  to  the  impetus  furnished 
by  the  invention  of  the  steam  engine,  the  ground  work 
was  being  laid  for  the  remarkable  development  which 
took  place  during  the  next  fifty  years,  from  1800  to  1850. 
During  this  short  period  progress  was  so  rapid  that  most 
of  the  general  machine  tools  took  the  forms  substantially 
that  of  today.  The  many  improvements  and  refinements 
that  have  been  made  since  lea\e  the  general  principles 
little  changed.  Practicallv  all  the  development  of  this 
period  took  place  in  England.  Machine  tool  building 
on  the  continent  of  Europe  was  at  least  a  generation  be- 
^I'lid  that  of  England.  During  the  period  mentioned, 
England  developed  the  lathe,  boring  machine,  planer, 
■Inper,  steam  hammer  and  standard  taps  and  dies. 

It  is  probable  that  this  phenomenal  de\'elopment  was 
in  a  large  measure  due  to  the  great  inventions  of  Ark- 
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wright,  Whitney,  Watt,   Fulton,  Stephenson  and  others, 
and  the  hundreds  of  industries  they  called  into  heing. 

Beginning  about  18^1),  leadership  in  machitie  tool  de- 
sign passed  from  England  to  the  I'nited  States  and  there 
it  has  remained  ever  since.  In  this  country  was  de- 
veloped the  special  machine  tool,  the  turret  lathe,  auto- 
matic lathe,  milling  machine,  precision  grinding  ma- 
chinery, the  widespread  commercial  use  of  limit  gauges, 
and  the  interchangeable  system  of  manufacture.  To  Eng- 
land in  the  beginning  and  to  the  I'nited  States  later 
belong  the  credit  for  the  developments  which  have  given 
us  the  modern  machine  tool.  Today,  America  retains, 
undisputed,  that  leadership  gained  in  the  middle  of  the 
last  centur\'. 


Mechanical  Engineering  Research 

(Continui-d  from  Pai/f  9) 
so  placed  that  it  is  just  above  the  top  dead  center  position 
of  the  piston.  The  peep  hole  itself  consists  of  a  spark 
plug  body  with  a  quartz  window  replacing  the  ordinary' 
core.  Through  this  window  the  actual  cylinder  com- 
bustion can  be  observed.  By  means  of  a  delicately  cali- 
brateil  radiometer  it  is  intended  to  study  this  actual  fuel 
burning  under  both  normal  and  detonating  conditions. 
By  means  of  the  data  obtained  it  is  intended  to  verify 
some  of  the  present  thermodynamic  laws  of  combustion. 

To  date  most  of  the  work  has  involved  the  cali- 
bration of  the  radiometer,  a  very  difficult  and  delicate 
task.  It  is  expected,  however,  that  now  with  the  calibra- 
tion practically  complete,  the  actual  combustion  study  will 
proceed  rapidly. 

Another  very  interesting  subject  for  research  has  been 
the  flow  of  air  through  orifices,  discharging  into  the  at- 
mosphere. Thus  far  a  series  of  tests  have  been  run 
on  orifices  with  a  rounded  approach.  These  test  orifices 
ranged  in  size  from  a  diameter  of  -Ki  of  an  inch  to  a 
diameter  of  1  inch.  Pressures  in  these  tests  varied  from 
1  inch  of  water  to  35  inches  of  mercury. 

The  apparatus  used  in  this  test  consists  of  a  large 
steel  tank  supported  on  an  ordinary  beam  scale.  Air  is 
pumped  into  this  tank  until  the  pressure  is  approximately 
300  pounils  per  square  inch.  At  this  stage  the  tank  holds 
about  150  pounds  of  air.  The  supply  to  the  tank  is 
then  cut  off.  The  air  is  conducted  from  the  tank  to  the 
orifice  box,  through  a  maze  of  copper  tubes  leading  to 
the  supply  pipe  of  the  orifice  tank.  These  copper  tubes 
are  suspended  in  such  a  way  as  to  have  no  measurable 
effect  on  the  scale  beam  reading.  The  pressure  in  the 
orifice  box  is  kept  constant  by  several  valves  in  the 
supply  line.  By  weighing  the  large  tank  at  the  beginning 
and  at  the  end  of  each  test,  the  weight  of  air  passed 
through  the  office  can  be  determined  quickly  and  easily. 
This  weighing  is  made  by  method  of  substitution,  making 
use  of  a  beam  of  light  reflected  fron-  the  scale  beam 
thus  obtaining  unusual  accuracy.  This  makes  the  calibra- 
tion of  the  orifice  a  simpler  matter.  It  is  intended  to 
extend  this  test  to  a  study  of  plate  orifices  in  the  near 
future.     So  much  on  the  matter  of  orifices. 

The  performance  of  an  underfeed  stoker  heating 
boiler  unit,  burning  Illinois  coal  under  service  conditions 
IS  the  subject  of  yet  another  investigation.  This  research 
is  being  conducted  in  the  university  laboratory  for  the 
express  purpose  of  determining  the  best  method  of  stoker 
control  and  the  size  of  coal  which  would  be  burned  most 
efficiently. 

Two  methods  of  stoker  control  are  being  studied 
thoroughly.  In  the  first  of  these  the  coal  and  air  supply 
to  the  boiler  is  kept  constant  and  both  stoker  and  air 
supply  are  arranged  for  on  and  off  operation.  In  the 
second  method  of  control  the  coal  and  air  supply  are  vari- 
able and  the  stoker  is  kept  on  most  of  the  time.     These 
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Winners 

Hard  knocks  are  part  of  hockey.  The  player  who 
"stars"  must  be  able  to  stand  the  gafF.  Similarly 
with  a  valve. 

It  is  the  ability  of  Jenkins  Valves  to  take  the  hard 
knocks  and  strains  of  service  .  .  .  of  rough  handling, 
of  pipe  weight,  settling,  lifting,  expansion  and 
contraction.   These  set  Jenkins  apart  as  winners. 

Into  the  making  of  every  Jenkins  goes  a  craftsman- 
ship that  can  come  only  from  many  years  of 
experience  in  valve  manufacture  ...  an  experience 
dating  back  to  1864.  From  the  first  perfect  con- 
trol of  raw  metals  to  the  final  assembly,  excellence 
is  the  keynote  of  Jenkins  manufacture. 

Practically  every  valve  job  is  a  job  for  a  Jenkins. 
Form  100  show  a  representative  group  of  Jenkins 
in  iron  and  bronze.  Glad  to  send  a  copy. 


Send  for  a  booklet  descriptive  of 

Jenkins  Valves  for  any  type  of 

building  in  which  you  may  be 

interested. 
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Used  by  headers 
in  Every  Industry 

BAILEY  METERS,  already  so  firmly 
established  in  the  Central  Station 
Field  that  they  are  standard  equipment 
in  more  than  90'^'  of  the  up-to-date 
plants,  are  now  being  used  more  and 
more  by  the  leaders  in  every  line  of  in- 
dustry— where  they  are  reducing  the 
losses,  improving  combustion  condi- 
tions and  providing  accurate,  reliable 
and  trustworthy  data  for  accounting 
systems. 

BAILEY  PRODUCTS 

Automatic  Control  Liquid  Level  Gages 

Boiler  Meters  Manometers 

Coal  Meters  Multi-Pointer  Gages 

Draft  Gages  Pressure  Recorders 

Fluid  Meters  Tachometers 

Gas  Flow  Meters  Temperature  Recorders 

Gravity  Recorders  V-Notch  Weir  Meters 

Write  for  Bulletin  No,  81  B 

Bailey  Meter  Co. 

Cleveland,  Ohio 


Bailey  Meters  at  Western  Electric  Co.,  Kearney,  N.  J. 


tests,  all  of  whifli  arc  briiij;  run  on  Illinois  coal  are  not 
as  yt't  complete,  but  it  is  expected  that  they  will  result 
ill  many  very  interesting  facts  concerning  the  operation 
of  small  domestic  stoker-boiler  units. 

Another  very  interesting  research  along  these  same 
lines  is  an  investigation  of  Illinois  coal  in  order  to  de- 
termine which  coal  will  give  the  best  service  when 
burned  in  a  stoker  boiler  unit  of  the  chain  grate  type. 
In  this  investigation  the  coal  size  ranged  from  ^  to  % 
of  an  inch.  Tests  were  run  on  coal  from  the  four  major 
fields  in  Illinois.  In  this  way  it  was  possible  to  determine 
just  exactU  which  coals  would  give  the  best  service  in  a 
chain  grate  installation.  The  results  obtained  in  this 
series  of  tests  will  appear  in  bulletin  form  very  shortly 
and  should  be  of  far  reaching  importance  to  all  stoker 
users  burning  Illinois  coal. 

With  the  advent  of  the  modern  high  pressure,  high 
capacity  boiler  the  question  of  boiler  feed  water  impuri- 
ties has  become  an  increasingly  important  problem.  At 
Illinois  a  test  laboratory  has  been  set  up  to  study  the 
effect  of  water  impurities  on  both  high  and  low  pressure 
boilers.  This  research  is  in  reality  being  conducted  by 
the  chemistry  department,  but  because  of  its  close  rela- 
tion to  mechanical  engineering  problems  and  since  the 
research  was  originally  started  by  the  Mechanical  En- 
gineering Department,  it  will  be  mentioned  here. 

A  great  deal  of  very  commendable  work  has  been 
done  in  the  field  of  boiler  plate  embrittlement.  This 
condition,  often  found  in  boilers  in  certain  districts  of 
the  L  nited  States  is  caused  by  abnormal  causticity  in 
the  feed  water.  By  suggesting  several  methods  of  treat- 
ing boiler  feed  water  of  a  high  caustic  content,  the  re- 
search staff  has  been  instrumental  in  doing  away  with  a 
great  deal  of  the  danger  involved  in  using  boiler  feed 
water  with  these  impurities. 

One  of  the  most  recent  research  problems  attempted 
by  the  mechanical  engineering  department  is  that  of  an 
investigation  into  the  efficiencies  of  power  screws.  A 
large  drill  dynamometer  in  the  L^niversity  work  shops 
has  been  equipped  with  thrust  collars  and  various 
torque  measuring  devices.  By  means  of  these  measuring 
devices  it  is  intended  to  determine  the  coefficient  of 
friction  of  the  screws.  In  the  tests  different  thread 
friction  of  the  screws. 

There  are  many  other  research  problems  which  are 
being  studied  at  the  L^niversity  of  Illinois  and  which  are 
rather  closely  connected  with  mechanical  engineering 
research.  Perhaps  one  of  the  best  known  is  the  fatigue 
of  metals  research.  However  time  does  not  permit  us  to 
discuss  these  at  present. 


The  Cover  Picture — 7"^^  Church  of 
Santa  Sofia 

The  church  of  Santa  Sofia  at  Constantinople  is  as 
conspicuously  the  masterpiece  of  Byzantine  architecture  as 
the  Parthenon  was  of  the  classic  (jreek.  It  presents,  in 
addition,  a  most  remarkable  solution  of  an  engineering 
problem.  Built  about  535  A.  D.  in  the  characteristic 
Byzantine  system  of  construction,  it  includes  some 
features  of  all  the  then  known  structural  systems.  L'nlike 
the  Roman  system  of  dome  construction,  which  never  was 
built  on  any  but  a  circular  plan,  the  Byzantine  system 
by  the  use  of  the  pendentive  found  it  possible  to  place  a 
dome  on  any  polygonal  plan.  In  this  use  of  the  penden- 
tive, the  engineers  so  designed  a  domed  structure  that  the 
thrusts  of  the  supported  mass  were  concentrated  at  a 
given  number  of  points.  These  were  usually  four 
massive  piers  from  which  sprung  the  pendentives  or 
spherical  triangles,  which  formed  the  transitional  section 
effecting  a  change  in  plan  from  the  square  to  the  circidar. 
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The  thrusts  set  up  in  such  a  system  of  construction  were 
numerous  and  complex;  and  it  was  found  necessary  to 
build  some  abutting  devices  to  bend,  as  it  were,  these 
forces  into  the  ground.  These  we  see  at  Santa  Sofia  in 
the  forms  of  the  massive  semi-domes  and  buttresses. 

The  construction  of  such  a  dome  was  not  possible 
with  ordinary  materials.  Consequently,  the  masonry  is 
composed  of  a  pumice  stone,  that  floats  on  water,  and  of 
bricks  from  the  island  of  Rhodes,  five  of  which  scarcely 
weigh  as  much  as  one  ordinary  brick.  It  is  believed  that 
this  great  Hyzantine  dome  was  constructed  without  the 
use  of  centering  through  a  scheme  of  placing  the  bricks 
at  a  "skew,"  that  is,  not  radiating  from  the  center  of 
curvature  of  the  dome,  a  distinct  departure  from  the 
Roman  radiating  voussoir  arch.  Another  remarkable 
peculiarity  of  the  Byzantine  system  was  that  the  forms  of 
the  vaults  and  domes  were  externally  visible,  undisguised 
by  any  timber  roof.  .\t  Santa  Sofia  the  masonry  has  a 
protective  covering  of  only  one-fourth  inch  of  sheet  lead, 
resting  on  wooden  battens  placed  immediately  on  the 
outer  surface  of  the  brick  domes. 

The  structural  function  of  the  abutting  semi-domes 
and  the  great  buttresses  has  produced  a  plan  making  the 
interior  of  the  structure  one  that  has  never  been  surp.i.ssed 
in  magnificence.  The  whole  vast  nave  measures  over 
two-hundred  h\  one-hiuuired  feet,  and  the  central  vault 
rises  one  hundred  and  eighty  feet  into  the  air,  fitly  crown- 
ing the  whole.  The  effect  of  the  low-curved  but  loftily 
poised  dome,  resting  as  it  does  upon  a  crown  of  windows, 
and  so  disposed  that  its  summit  is  visible  from  every  part 
of   the   nave,   is   one   of   inspiring   solemn    and     thrilling 

thoughts.  W .ALTER    V.    Wl  ELLN'ER. 


POWER,   ELECTRICAL   AND   INDUSTRIAL   MACHINERY 


pioneers  in 

Engineering 


Allls-Chalmers,  extending  over  a  pe- 
riod of  more  than  eighty  years,  has  an 
unparalleled  record  of  pioneering  In 
the  introduction  of  new  processes,  the 
development  of  new  machines,  the 
establishment  of  world's  records  for 
size  or  capacity  of  machinery,  for  its 
economy  or  for  efficiency  of  operation. 

Products  of  Allis-Chalmers 

Electrtcdl  Machinery,  Motors,  Generators, Transformers, 
Switchgcar;    Steam    and    Hydraulic  Turbines;  Steam, 
Gas  and   Oil   Ensines;     Condensers;     Ccntrilugal 
Pumps;   Pumping   Engines:    Mining  and  Metallur- 
gical Machinery;    Steam  and  Electrical  Hoists, 
Timber  Preserving  Machinery;    Crushing  and 
Cement  Machinery,  Flour    and    Saw    Mill 
Machinery,  TeKrope  Drives;  Farm,  Indus- 
dustrial  and  Crawler  Tractors;  Agricul- 
tural Machinery. 


r 


LLIS-CHflLMERS  MflNUFflCTURINGfO. 

MICWAUKEe,    WIS.    U.S.A.  ^ 


A-E-CO  PRODUCTS 
Taylor  Stokers 

A-E-CO  Marine 

Auxiliaries 

Jurui'cfe 
Refr/gerafion 

A-E-CO  Furnace 
Armor 

Lo-Hed  Electric  Hoists 


An  organization  that  covers  many  fields 
Material  Handling  .  .  . 


Wherever  heavy  weights  must  be  lifted,  there  is 
a  job  for  the  "Lo-Hed"  Monorail  Hoist.  You  find 
it  on  the  production  lines  of  the  largest  factories 
(Ford  has  more  than  200),  in  railroad  shops, 
foundries,  ice  plants,  printing  plants... you  find 
it,  too,  in  smaller  establishments,  service  stations, 
garages, lumber  yards,  laundries, bakeries, hotels 
and  on  the  shipping  platform  .  .  .  cutting  costs, 
increasing  production,  saving  human  effort. 


AMERICAN      EN  HINT  ERIN  r,      rn  M  PAN  V 
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N.  Y.  C.  Interlockinji  Plant 

iConlinuiJ  from  I'aiii-  7 1 
track  (liagraiii  24  feet  in  Icngtli,  with  1  I  1  track  sections 
oiitliiieil  in  colors.  llach  section  is  equippeil  with  an 
imlicating  electric  lamp  of  the  telephone  switchboard 
type.  The  purpose  of  this  panel  is  to  inform  the  operator 
as  to  the  position  of  trains  in  the  interlocking  by  the 
illuminated   electric   lamps  of   the   telephone   switchboard 


Fiij.  2:       The  operating  hoard  of  llir   inlerloehinii    maehine 

type.  These  lamps  light  automatically  when  a  train 
passes  over  the  section  which  is  governed  by  them.  There 
are  32  clockwork  hand  releases  which  are  mounted  on 
two  panels  in  front  of  the  machine  and  can  be  swung 
away  from  the  wall  for  greater  convenience  in  working 
on  them. 

In  addition  to  the  regidar  dispatcher  telephone  equip- 
ment with  loud  speaker,  a  telephone  with  loud  speaker 
for  more  efficient  communication  of  levermen  and  main- 
tainers,  has  been  provided  connecting  to  22  telephone 
jacks  located  in  relay  houses  at  most  convenient  points  in 
the  plant.  There  are  also  seven  klaxon  horns  so  placed 
as  to  enable  the  leverman  to  summon  the  maintainers  to 
the  nearest  phone  ih  case  of  trouble. 

A  16-button  train  describer  transmitter  has  been  in- 
stalled in  the  tower  with  a  receiver  located  in  the  station 
to  inform  the  station  master  and  attendants  concerning 
train  movements. 

Scattered  throughout  the  plant  there  are  five  standard 
maintainers'  tool  houses,  23  concrete  relay  houses  and 
concrete  battery  boxes,  and  eleven  cantilever  signal 
bridges  on  which  color-light  signals  are  located.  One  of 
the  relay  houses  may  be  seen  to  the  left  of  the  track  in 
Fig.  3.  These  houses  are  approximately  seven  feet  in 
height,  four  feet  wide,  and  nine  feet  long,     (^ne  of  the 


cantilever  bridges  on  which  the  color-light  signals  may  be 
seen  is  shown  in  Fig.  3. 

The  maintainers'  tool  houses  are  equipped  with  desks, 
electric  lights,  work  benches,  telephones,  and  sufficient 
space  for  motor  cars,  light  material,  etc. 

Concrete  relay  houses  were  used  for  sheltering  995 
neutral  relays,  59  power  off  relays,  and  162  copper- 
oxide  rectifiers  and  accessories. 

About  190,000  feet  (36  miles)  of  cable  consisting  of 
6,200,000  feet  of  single  conductors,  were  used.  In  addi- 
tion to  this  335,000  feet  of  flexible  wire  were  used. 

Hatters  boxes,  similar  to  A.  R.  A.  type  were  used  to 
house  103  t\|H-  K.MCiO  12(1  A.  H.  capacity  track  cells 
and  FMCjO  11,  21H)  A.  H.  capacity  batteries  for  signal 
lighting  standby  .service. 

The  track  circuit  connections  were  carried  to  the  rail 
in  single  conductor  (number  6  for  relay  and  number  10 
for  battery)  trench-lay  cables.  The  cable  outlets  are  of 
the  double  plug  type.  The  DS  1%  inch  plug  type  track 
bonding  was  used. 

The  New  York  Central  Railroad  bridge  department 
designed  and  installed  the  eleven  full  and  cantilever 
signal  bridges  for  carrying  the  three-arm  color  light  home 
signals.  The  signals  are  of  the  General  Railway  Signal 
Company  color-light  type  approach  lighted,   using  seven 


Fig.    3:    Divarf  signal  and  relay   house 

type  "SA"  five-position  dwarf  signals,  49  type  'T"  two- 
position  dwarf  signals  and  34  type  "G"  three-arm  two 
and  three-position  high  signals.  One  of  the  dwarf 
signals  is  illustrated  in  Fig.  3. 

There  are  70  New  York  Central  train  movements,  40 
Grand  Trunk  Western  train  movements  and  six  yard 
movements  on  the  plant  every  24  hours. 


Don't  forget  the  Schaefer  essay  contest.  The  rules 
Zi-ere  printed  in  the  October  Technograph,  and  are  posted 
(in  the  bulletin  board  in  Engineering  hall.  There  is  no 
time  like  the  present  to  start  uriting  your  articles. 


Xovriil/xr.   I'K^O 


THi;  TKCHXOGRAPH 
TRADE 


25 


Into  the  Realm  0/ EXPERIMENT 


UNUSUALLY  extensive  facilities 
for  research  and  experiment  are 
available  to  everj'  graduate  chemist, 
physicist,  or  mechanical  engineer  in 
our  organization.  Our  personnel  has 
access  to  one  of  the  most  complete 
chemical  libraries  in  existence,  finely 
equipped  chemical,  physical  and 
metallurgical  laboratories,  as  well 
as  control    laboratories   thruout 


the  plant.  Unhampered  by  rule  of 
thumb  methods,  free  to  use  the  tools 
they  need,  our  men  frequently  create 
new  methods  and  new  products  of 
world-wide  interest.  With  over  1  50 
chemical  products  in  distribution 
thruout  the  world,  we  are  constant- 
ly looking  forward  to  new  develop- 
ments and  new  processes  to  further 
strengthen  our  reputation  for  quality. 


THE 


DOW     CHEMICAL     COMPANY 

MIDLAND,    MICHIGAN 
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r.  E  Barrfii.  m.c.  '93,  is  mic  (if  the 
republican  caiuliciates  for  I'liiversity 
trustee.  He  is  presi- 
dent of  the  Roberts 
and  Schaefer  com- 
pany, manufacturers 
(if  coal-handling  ma- 
chinery, a  n  d  \v  a  s 
formerly  president  of 
the  Alumni  Associa- 
liiin.  He  is  vice- 
president  of  the  La 
c;  range  State  Trust 
.uid  Savings  bank, 
director  of  the 
rwelfth  Street  State 
hank  of  Berwyn,  and 
a  commissioner  of  the  La  Grange  park 
svstem. 


E.  E.  Barnlt 


In  the  Entjinririnii  Neixs-RciorA  of 
May  22,  which  was  devoted  to  water 
suppiv  engineering,  there  appeared  an 
article,  "Water-Works  Intakes  of  the 
Middle  West"  bv  Ciiari.es  B.  Burdick, 
c.e.  '95,  of  the  Chicago  firm  of  Alvord, 
Burdick,  and   Howson. 


Two  mini  are  officers  of  the  American 
Concrete  Institute.  Duff  A.  Abrams, 
c.e.  '06,  is  president  and  Arthur  R.  Lord, 
m.s.  '11,  vice-president.  Lord  is  also  chair- 
man  of   the    advisory   committee. 

W.  S.  A\nERSON,  c.e.  '14,  and  his 
brother,  John"  H.,  c.e.  '14,  form  the  firm 
of  Anderson  and  Company,  contractors 
and  engineers,  specializing  in  sewer, 
bridge,  railroad,  and  heavy  construction, 
with  offices  in  Chicago  and  Cleveland. 


Ceorce  R.  Petty,  m.e.  '85,  died  August 
15  in  Oklahoma  City  after  an  illness  of 
several  months.  He  was  born  in  Pike 
county,  Illinois,  October  13,  1862.  He 
studied  both  mechanical  engineering  and 
architecture  while  at  Illinois,  .^ftcr  gradu- 
ation he  worked  in  Chicago  as  an  archi- 
tect, and  then  came  to  Champaign  as  the 
proprietor  of  the  Ceorge  R.  Petty  and 
company  planing  mill.  In  1907  he  moved 
to  Oklahoma  Citv  where  he  operated  a 
retail  dairy  and  bred  Jersey  cattle  until 
his  retirement  last  fall. 


Alfred  Krnest  Harvey,  c.e.  '91,  died 
July  3  at  the  Research  Hospital  in  Kansas 
Citv.  For  seventeen  years  he  was  super- 
intendent of  wav  and  structures  and  chief 
engineer  of  the  Kansas  City  Electric 
Street  Raihvav  system  (now  the  Kansas 
Citv  Public  Service  Company).  Hue  to 
his  organizing  and  executive  ability,  the 
properties  of  the  corporation  were  prac- 
tically rebuilt  and  placed  in  fine  condition 
during  the  past  few  years.  He  was  a 
pioneer  in  present-dav  electric  street  car 
track  construction,  building  the  first  solid 
concrete  roadbed  in  Kansas  City,  and  was 
considered  a  national  authority  on  steel 
tie    work.      He    developed     many     labor- 


saving  devices   now   in   use   in  track   work 
and    paving   projects. 

Ilnrvev  was  born  September  16,  1868 
at  Waverlv,  Illinois,  and  graduated  from 
the  Paris,  Illinois,  high  school.  On  leaving 
Illinois,  he  spent  two  years  with  the 
World's  Fair  organization,  and  then 
worked  on  the  construction  and  main- 
tenance of  steam  railroads  in  various 
places  for  about  sixteen  years.  He  had 
charge  of  construction  for  the  Illinois 
Central  line  from  Fort  Dodge,  Iowa,  to 
Omaha,  Nebraska,  and  later  built  part  of 
the  Mason  Citv  and  Fort  Dodge,  now  a 
part  of  the  Chicago  Great  Western. 

He  became  division  engineer  and  then 
division  superintendent  of  the  Fort  Dodge 
division.  In  1910  he  went  ta  Kansas 
City  to  become  division  engineer  in  charge 
of  large  division  projects  for  the  Kansas 
Citv  Southern  Railway.  He  later  joined 
the'  Kansas  City  Electric  Street  Railway 
svstem. 

He  was  president  of  the  Kansas  City 
branch  of  the  American  Society  of  Civil 
Engineers  and  was  past  president  of  the 
Engineers  Club  of  Kansas  City. 


Walter  H.  Scales,  arch.  e.  '14.  now 
has  head(iuarters  at  New  Orleans.  He  is 
in  charge  of  seyen  states  in  the  interest 
of  the  National  Lumber  Manufacturers 
association,  an  organization  promoting 
everv  possible  use  of  lumber.  He  spends 
much  of  the  time  on  the  road,  gives  many 
convention  speeches,  and  writes  numerous 
briefs. 


Hiram  J.  Powers,  c.e.  '08,  died  June  8, 
at  Los  Angeles.  He  was  buried  on  June 
12,  at  Tavlorville,  Illinois.  Born  Septem- 
ber 2.  1885,  at  Edinberg,  Illinois,  he  at- 
tended the  Tavlorville  high  school.  He 
had  been  director  of  March-Hutton- 
Powers  company,  Ltd.,  president  of  Do- 
minion Shingle  and  Cedar  company,  Ltd., 
director  and  manager  of  Pacific  Logging 
company,  Ltd.,  and  director  of  Marsh- 
Bourne-Powers  company,  Ltd.,  all  rif 
Vancouver,  British  Columbia.  Early  this 
year  he  had  moved  to  Pilot  Knob  Hill, 
Bend,  Oregon. 


.\rmin  Harms,  min.e.  '95,  died  Septem- 
ber 7,  at  El  Paso,  Mexico.  Born  October 
24,  1875,  he  attended  the  Rock  Island 
schools,  before  coming  to  the  T'niversity. 
After  graduation  he  became  an  employe 
of  the  American  Smelting  and  Refining 
company,  serving  as  chief  chemist  for 
that  company  in  Arizona,  New  Mexico, 
and  Texas.  He  was  a  member  of  the 
American  Chemical  society  and  the 
American   Institute   of   Mining   Engineers. 


Stanley  N.  Perkins,  c.e.  '30,  is  with 
the  Illinois  Division  of  Highways,  and  is 
stationed   at  Elgin. 


Harvey  C.  Groth,  c.e.  '20.  is  in  the  en- 
gineering department  cf  the  American 
Bridge  company  of  Gary,  Indiana. 


E.  J.  Lawson,  c.e.  '30,  is  working  for 
the  Illinois  state  highway  department,  as 
a  slab  inspector  on  Twenty-second  street, 
west  of  Chicago. 


Norman  Bullard,  c.e.  '27,  and  John 
McKay,  c.e.  '26,  are  both  with  the  state 
highway  department  and  are  located  at 
Springfield. 


Roy  ZiPPRODT,  c. 
structural  engineer 
Cement   Association. 


'15, 


regional 
Portland 


A.  Russell  Merz,  min.e  '22,  is  with 
the  Roan  Antelope  Copper  Mines,  Limited, 
located  at  Luanshya,  Northern  Rhodesia, 
Africa. 


Donald  A.  Beck,  arch.  '12,  is  the  presi- 
dent of  Lukas  Decors,  Inc.,  architectural 
firm  located  at  30  East  Twenty-third 
street.  New  York  City. 


Silas  C^.  Weinberg,  arch.  e.  '30,  is  an 
estimator   with   General    Contracting  com- 


pany,   Chicago, 
Tower. 


located     in    the    Tribune 


John  F.  Bracken, 
search  department 
Edison  at  Chicago. 


'29,  is  in  the  rc- 
Commonwealth 


Willis  E.  Hasei.wood,  e.e.  '28,  is  con- 
nected with  the  Bell  Telephone  company 
at  Elkhart,  Indiana. 


RouERT  L.  Gou(;i.ER,  c.e.  '30,  is  doing 
research  work  in  the  laboratory  of  the 
American  Bell  Telephone  company  at 
Chicago. 


Ltn  Grarle,  e.e.  '28,  is  now  in  St.  Louis 
where  he  is  associated  with  the  Southern 
Bell  Telephone  company. 


DxyiGHi  Allen,  e.e.  '28,  is  with 
Western  Electric  in  Chicago  and  Milwau- 
kee. 


for 


John   Reed,   e.e.   '27,   is   statisticiar 
the  Rockford  Electric  company. 


George  S.  Webb,  ry.e  '20,  is  assistant 
master  mechanic  of  the  Pennsylvania  rail- 
road and  is  now  located  at  West  Phila- 
delphia,  Penn. 


Prof.  H.  E.  Babbitt,  M.S.  '17,  san.  e., 
has  just  returned  from  a  trip  around  the 
world   on   his  sabbatical   leave. 


Ray  L.  Hamilton,  c.e.  '20,  is  buyer 
and  assistant  to  purchasing  agent  of  the 
.iMpha  Portland  Cement  company,  Chi- 
cago. 


Herbert  S.  Schroeder,  cer.e.  '28,  is 
with  the  United  States  Gypsum  corpora- 
tion at  East  Chicago. 
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Dyivamite  clears  the  way  for  iiioilerii  engineering  wontler^i! 


The 

HUD!$ON 

RIVER 
RRIDGE 


How  Dynamite  was 

used  to  blast  tunnels 

for  anchoring 

gigantic  cables 


IN  1«)32  ....  after  five  years  of 
stupendous  labor.  .  .  .  the  Hud- 
son River  Bridge,  connecting  the 
states  of  New  York  and  New  Jersey, 
will  be  completed. 

It  is  a  single -span  bridge  .  .  .  3500 
feet  long.  At  either  end,  a  gigantic 
tower,  650  feet  high,  rises  to  the  sky. 

The  construction  of  this  mighty  bridge  is  proof 
enough  that,  to  the  modern  engineer,  nothing  is 
impossible! 

In  this  undertaking,  as  in  countless  others,  dynamite 
j)layed  a  huge  part.  Du  Pont  dynamite  was  used  for 
blasting  approaches  to  the  Hudson  River  Bridge  .  .  . 
and  for  blasting  the  anchorage  tunnels  for  the  cables. 
About  3.000,000  ])<)unds  of  dynamite  were  required! 

The  engineer  of  today  .  .  .  and  tomorrow  .  .  .  needs 
to  know  all  there  is  to  know  about  dynamite  .  .  .  the 
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udson  River  Bridge  as  it  appears  under  conelruelion. 

tool  that  helps  to  build  skyscrapers,  dams,  subways, 
tunnels,  roads  and  railroads. 

How  can  you  know  more  .  .  .  now  .  .  .  wiiilc  you're 
still  in  college?  Write  the  du  Pont  Com])any  for  a  copy 
of  tiie  "Blasters'  Handbook."  This  booklet  contains  a 
wealth  of  information  about  explosives  .  .  .  information 
gathered  in  128  years"  experience  in  making  and  im- 
proving explosives.  It  is  coni[)act  .  .  .  handy.  It  is 
used  in  the  classrooms  of  leading  technical  institutions. 
Your  free  copy  is  waiting  for  you. 
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Selecting  an  Airport  Site 
A  highway  engineer  is  especially  fitted 
for  the  construction  and  maintenance  of 
airports  as  stated  in  the  AiiRUSt  issue  of 
Roads  and  Streets.  Various  related  needs 
will  have  to  be  met  by  the  allowable  ex- 
penditure. It  is  evident  that  a  single 
field  cannot  serve  for  student  training, 
sales  demonstration,  club  service,  express, 
experimental  work,  exhibitions,  circuses, 
national  guard  training,  mail,  express, 
sightseeing  and  taxi  service.  A  smaller 
area  near  the  city  may  serve  for  light 
traffic,  whereas  a'  larger  field  more  re- 
mot?  will  serve  its  needs. 

.'\n  ideal  site  would  be  one  near  the 
center  of  population,  near  the  downtown 
centers  and  which  offers  the  maximum 
convenience  to  the  incoming  pilot.  The 
airport  should  be  served  by  the  best  means 
of  surface  transportation.  There  should 
be  no  fog  or  smoke  nuisance  and  the 
surface  should  be  usable  in  all  conditions 
of    weather. 

The  airport  committee  for  the  building 
of   an   airport    in   Wayne   County,   Michi- 
gan   together    with    the    ways    and    means 
committee   finally  decided   upon  the  loca- 
tion.    The  airport  committee  submitted  15 
out   of    122   proposed    sites.      The   number 
was  finally  narrowed  down  to  six  possible 
sites.     Then  a  scoring  system  was  devised 
by  which  each  location  was  scored  on  the 
folhnving    points:     center    of    population, 
downtown     centers,     airways,     transporta- 
tional     facilities,    character    of    neighbor- 
hood,  fog,  smoke,  soil   and  ground  condi- 
tions.    Under    center    of    population    they 
considered    manufacturing    centers,    retail 
trade  centers,   and  the  accessibility  of  the 
site   to   individuals.     The   post  office,   ex- 
press   offices,    depots,    hotels,     and     water 
facilities    were    considered    under    down- 
town  centers.     The   topic   of    airways   in- 
cluded transcontinental  lines  as  to  amount 
of    traffic    to    be    expected.      Among    the 
transportation    facilities    considered    were 
the   location   of   existing  bus   lines,    paved 
roads,  and  trolley  lines.     Of  course,  these 
can  be  extended  when  the  volume  of  busi- 
ness  warrants    it.      The   character   of   the 
neighborhood  had  to  do  with  zoning  regu- 
lations, possible  sites  for  airplane  factories, 
homes  for  workers,  and  the  possibility  of 
high  buildings  being  built  around  the  air- 
port.    Fog  usually  was  found  in  low  and 
moist   places   as   a   rule,   but  sometimes   at 
higher   elevations   also.      The    smoke    was 
affected  by  the  location  of  manufacturing 
districts,    the    season,    and    the    prevailing 
winds.     As    a    rule    a    maximuin    area    of 
one  square  mile  is  used   for  No.   1    rating 
and   above  that  size   no  credit   is   allowed 
for    airport    purposes.       Under    soil     and 
ground     conditions     was     considered     the 
case  of  drainage,  the  effect  of  rain  on  the 
top   soil,    and    drainage    in   the    low    land. 
Under   "other   items"    was  considered    the 
accesibility  of  telephone,  telegraph,   light, 
power  and  water. 

.The     results     of     the     scoring     system 
showed    that    site    No.    1    had    the    highest 


score  if  money  were  not  considered  with 
sites  No.  2  aiid  No.  8  next  highest.  Con- 
sidering costs,  site  No.  16  showed  the 
lowest  cost  with  No.  2  second.  The  board 
of  supervisors  finally  selected  site  No.  16. 
It  is  not  certain  to  what  extent  the 
selection  was  affected  by  the  scoring  sys- 
tem, but  at  least  it  offered  a  basis  of  com- 
parison. 

Conditioned  .\ir  for  Passenger 
Cars 

We  learn  in  an  article  of  the  same  title 
in  the  August  9  issue  of  Railway  Age 
that  the  B.  &  O.  dining  car  'Martha 
Washington"  has  air  conditioning  ap- 
paratus. It  was  found  by  tests  during 
the  summer  that  comfortable  conditions 
could  be  maintained  within  cars,  whether 
fully  occupied  or  not,  under  the  worst 
possible  conditions  of  temperature  and 
humidity.  A  test  run  was  made  in  which 
the  maximum  winter  heating  capacity  was 
turned  on  in  addition  to  the  heat  from 
the  kitchen  and  also  the  heat  from  the 
warm  weather.  In  twenty  minutes  the 
temperature  was  reduced  from  93  to  70 
degrees  by  means  of  the  air  conditioning 
svsttm.  The  test  result  brought  about  a 
decision  to  equip  more  cars  with  similar 
apparatus.  By  means  of  the  air  condi- 
tioning equipment  dust,  soot,  cinders  and 
other  foreign  matter  are  removed  from 
the  air  and  the  temper.nture  and  humidity 
controlled  within  certain  limits. 

The  air  is  filtered  in  through  steel  wool 
in  sheet  steel  housings  placed  at  the  roof 
line  at  the  pantry  end.  As  the  air  (now- 
free  from  foreign  matter)  passes  over 
cooling  coils  the  desired  temperature  is 
reached  and  the  excess  humidity  is  con- 
densed. It  is  then  distributed  equally 
throughout  the  car  by  means  of  louvered 
openings  in  the  insulated  ducts  on  the 
roof  of  the  car.  When  the  proper  tempera- 
ture is  reached  the  air  is  prevented  from 
being  further  cooled.  When  the  tempera- 
ture of  the  air  rises  above  the  proper 
point  the  air  is  again  cooled. 

Refrigeration  is  furnished  by  means  of 
a  motor-driven  ammonia  compressor. 
After  compression  the  hot  ammonia  gas  is 
condensed  by  means  of  water-cooled  pipes. 
The  liquid  ammonia  is  passed  through  an 
expansion  valve,  is  evaporated,  cooled  and 
returned  for  re-use.  The  hot  compressed 
ammonia  gas  is  condensed,  which  in  turn 
heats  the  water  in  the  coils.  This  water 
is  sprayed  up  in  front  of  the  incoming 
air  and  is  cooled  to  about  the  outside  air 
temperature.  A  water  supply  tank  re- 
plenishes the  condensed  water  lost  through 
evaporation.  The  humidity  is  controlled 
by  the  condensation  of  air  as  it  passes 
over  the  cold  water  pipe  coils. 

Freezing  of  the  cooling  coils  and  evapo- 
rator is  avoided  by  a  thamo  control. 
Electric  power  for  the  operation  of  the 
plant  and  supplying  the  lights  in  the  car 
is  provided  by  two  generators  as  well  as 
a  storage  batler\.  Wayside  connection  can 
be  made  when  the  car  is  standing  still. 


The  Bantam  .Auto 

I'he  introduction  into  the  .American 
market  of  the  American-built  British 
.Austin  automobile  and  the  projected 
building  of  the  French  Mathis  car  by  an 
organization  controlled  by  W.  C.  Durant 
make  it  of  interest  to  examine  the  condi- 
tions, favorable  and  otherwise,  that  may 
affect  the  success  of  this  type  of  automo- 
bile in  America,  states  an  editorial  in 
the  October  issue  of  Medianical  Engineer- 
in  0. 

In  Europe  the  existence  of  the  Bantam 
car  is  clearly  justified.  People  there  as  a 
rule  are  not  willing  to  spend  much  on 
automobiles,  the  price  of  which  generally 
is  verv  much  higher  for  the  same  size 
than  it  is  in  America.  The  Bantam  auto- 
mobile is  therefore  a  car  for  the  moderate- 
ly well-to-do  person,  the  kind  of  man  that 
in  the  United  States  would  buy  the  least 
expensive  car  made  here.  The  very  high 
tax  on  automobiles  makes  the  large  car 
still  less  attractive  in  Europe,  while  the 
cost  of  fuel,  which  is  several  times  that 
in  the  United  States,  places  an  additional 
handicap  on  the  heavier  car. 

In  America  conditions  are  supposed  to 
be  quite  different.  Taxation  is  low  and 
the  difference  in  the  matter  of  cost  of 
license  plates  is  only  a  few  dollars.  Fuel 
is  so  cheap  that  except  for  those  who 
cover  large  mileage  the  difference  between 
25  miles  and  +0  miles  per  gallon  is  not 
in  itself  a  matter  of  prime  importance. 
The  Bantam  car  has  an  advantage  when 
it  comes  to  the  cost  of  tires,  but  with  the 
mileage  of  tires,  the  difference  is  only  a 
small  one.  Even  when  it  comes  to  initial 
cost  the  Bantam  is  not  to  be  had  for  much 
less  money  than  would  purchase  low-price 
cars   of   standard   make. 

Nevertheless  there  is  little  doubt  but 
that  the  Bantam  car  is  here  in  .America 
to  stav.  For  a  number  of  purposes  it  has 
a  decided  advantage.  In  the  first  place, 
its  low  consumption  of  gasoline,  low  cost 
of  tires,  small  size,  and  the  small  amount 
of  storage  space  re(iuires  make  it  an  ideal 
vehicle  for  city  delivery  service  where 
the  motorcycle  with  side  car  has  been 
tried  and  often  found  unsatisfactory  as 
well  as  dangerous.  When  the  car  hasto 
be  housed  on  store  premises  the  small  size 
of  the  Bantam  is  a  decided  advantage, 
and  it  does  not  seem  wasteful  and  un- 
reasonable to  send  a  small  car  to  deliver 
a  couple  of  hats  or  an  order  of  jewelry. 
.America  is  more  and  more  becoming  a 
couturv  where  the  average  well-to-do 
family  has  more  than  one  automobile,  or 
would  like  to  have  a  second  car  provided 
it  could  be  stored  conveniently.  Here 
again  the  small  size  of  the  Bantam  car 
becomes  a  vital  advantage.  A  car  that 
will  take  the  lady  of  the  house  shopping, 
is  big  enough  for  the  young  hopeful  and 
his  girl,  and  actually  can  be  stored  with- 
out moving  the  house  into  the  middle  of 
the  street,  is  bound  to  find  admirers  and 
purchasers. 
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Compressed  Air  Is  Now  One  of  fhe  Great 
Motive  Forces  of  Industry 
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At  Los  Angeles,  the  coliseum  in 
Exposition  Park  is  being  enlarged 
to  a  seating  capacity  of  105,000. 
When  completed  in  1931  for  the 
Olympic  Games,  this  giant  sta- 
dium will  be  one  of  the  largest  in 
the  world. 

Three  N.  E.  C.  products  were  se- 
lected in  providing  efficient  plants 
for  handling  excavation  and  con- 
crete requirements.     A  Koehring 
Heavy  Duty  Shovel  speeded  prog- 
ress  on    the    earth    work.      Two 
Smith  14-S  Tilting  Mixers  were 
installed    for    mixing    concrete, 
one  on  each  side  of  the  stadium. 
National     Equipment     Corpora- 
tion, the  greater  name  in  con- 
struction equipment,  aids  man  in 
carrying  out  his  engineering 
achievements. 


National  Equipment 
Corporation 
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W  Guard! 


Out  in  mid-rink,  flying  skates  cut  the  glassy  surface  of  the  ice  into  powder 
amid  the  clatter  of  sticks  and  the  hoarse,  inarticulate  cries  of  human  beings 
in  combat.Back  and  forth  goes  the  puck,  now  dexterously  propelled  down 
the  side-lines  by  a  fleet  forward,  now  shuttled  rapidly  to  and  fro  amid  a 
tangled  mass  of  sticks  and  legs.  I'et  fast  as  it  moves,  it  never  eludes  the 
watchful  eyes  of  the  two  heavily-armored  huskies  who  tend  the  goals.  On 
guard,  ready  to  thwart  disaster  with  stick,  skates,  or  any  part  of  his  body, 
the  good  "goalie's"  work  is  ever  vital,  and  often  spectacular. 

In  a  large  organization  like  Westinghouse,  there  is  need  for  a  number  of 
such  expert  "goal  tenders."  Occupying  positions  in  the  Accounting,  Legal 
and  Contract  Departments,  they  carry  on  quietly  their  important  work  of 
guarding  the  resources,  patent  situations,  and  contractual  relationships  of 
the  company.  And  among  them  may  be  found  many  younger  college  men, 
like  those  whose  pictures  appear  on  this  page,  who  have  found  in  this 
work  an  opportunity  to  secure  recognition  and  worthwhile  reward. 

Among  the  important  pieces  of  electrical  uork  lutndled  hy 
Westinghouse  in    recent  years  may   he   mentioned  the  follouing: 

Cascade  Tunnel  Electrification,  Great  Northern  Railway; 
Network  Protector  Installation,  Chrysler  Hldg.,  New  York; 
Hydro-Electric  Generatinjs  Equipment,  Coolidge  Dam,  Arizona. 

Westinghouse 


G.  C.  Sa 

Carnegie  Inn 

Tfcfiio.'ogv,  i(;j3 
Patent  Department 


The  banks  oj  G-E  flootHights  at  Georgia  Tech's  Grant  Field  can 
illuminate  track  meets  as  well  as  football  games. 


G-E  Floodlighting  Wins  Favor  for 

Football  -  Hockey  -  Track  -  Baseball  -  Tennis 

G-E  floodlighting  equipment  has  a  winning  record.  Its  victories  are 
counted  in  termi  of  pleased  spectators,  increased  attendance,  satisfied 
coaches  and  players. 

The  development  of  G-E  athletic-field  floodlighting  equipment  was 
planned  with  every  consideration  for  the  fundamental  and  special  playing 
conditions  it  must  meet.  That  is  why  the  big  Novalux  projeaors  give 
ample  and  evenly  diffused  light  over  the  entire  playing  area. 

The  development  of  General  Electric  floodlighting  equipment  has 
largely  been  the  work  of  college-trained  men  in  the  G-E  organization 
—  other  college-trained  men  are  largely  responsible  for  the  continuing 
leadership  of  General  Electric  in  furnishing  the  many  other  products 
which  bear  the  G-E  monogram. 


JOIN    US    IN    THE     GENERAL    ELECTRIC     PROGRAM,    BROADCAST     EVERY    SATURDAY 
EVENING    ON    A     NATION-WIDE    N.B.C.     NETWORK 
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Steel  under  the  microscope 


lUirnishfd  inirror-liri;j;ht,  etched 
ill  an  acid-hath,  a  shiny  square 
ot  steel  is  placed  in  the  projector 
microscope  in  the  metallography 
room  at  Crane  laboratories. 

To  the  lavman,  the  texture  dis- 
closed is  surprising;  as  the  hligree 
desij^n  ot  mae;nihed  snowHakes. 
Sometimes  it  is  like  a  relief  map 
ot"  mountain  ranges,  sometimes 
like  tinelv  veined  marhle,  some- 
times like  cumulous  clouds. 

Hut  to  the  scientist  in  metals  who 
judges  it  with  a  connoisseur's  eye, 
the  surface  tells  a  tar  w  ider  story. 
It  discloses  coarse,  uneven  or 
beautiful  tine  grains,  tells  ot  dis- 
proportions and  proportions  ot 
constituents  in  the  alloy,  speaks 
volumes  concerning  malleability. 


ductility,  hardness  .  .  .  gives  a 
key  to  action  ot  the  metal  in 
service,  all  leased  upon  knowl- 
edge ot  the  product. 

Careful  metallographic  records 
of  all  metals  used  in  Crane  valves 
and  tittings,  painstaking  micro- 
scopic examination  ot  all  new 
metals  offered  for  possible  use, 
are  a  part  of  the  check  and  double 
check  and  triple  check  which 
is  routine  in  C  rane  research  and 
manufacturing. 

The  full  story  ot  Crane  applica- 
tion of  chemistrv  and  science  to 
metals  is  told  in  a  fascinating 
book,  "Pioneering  in  Science." 
It  is  a  valuable  reference  book 
for  engineering  students.  On  re- 
quest, we  will  gladly  send  vou  one. 


^CRAN  E' 

PIPING   MATERIALS  TO  CONVEY  AND  CONTROL  STEAM,   LIQUIDS,   OIL,   GAS.   CHEMICALS 

CRANE    CO.,    GENERAL   OFFICES:    836   S.    MICHIGAN    AVENUE,    CHICAGO 
NEW    YORK    OFFICES:    23  W.  44TH    STREET 
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OxTveldm^  lor  Economy 

Through  the  use  of  oxy-acetylene  welding  for  maintenance  and  repair, 
substantial  economies  In  operating  costs  can  be  effected. 

In  almost  every  scrap-pile  there  are  thousands  of  dollars'  worth  of 
damaged  or  worn  tools  and  equipment,  much  of  which  could  be  welded 
into  perfect  condition  and  restored  to  service  at  a  fraction  of  Its  re- 
placement cost. 

A  foundry,  realizing  this,  now  saves  $72,000  a  year  by  oxwelding 
cracked  pipe  flasks  that  were  formerly  discarded. 

Such  a  saving,  while  large,  Is  not  unusual.  It  can  be  duplicated  in 
practically  every  industry  that  uses  metal.  Investigate  the  possibili- 
ties of  oxwelding.  It  will  pay.  We  shall  be  glad  to  furnish  you  with 
further  Information. 


THE   LINDE    AIR    PRODUCTS   COMPANY.    THE    PREST-O-LITE   COMPANY,    INC.. 
OXWELD    ACETYLENE    COMPANY,     UNION    CARBIDE     SALES     COMPANY, 

Units  of  UNION  CARBIDE  AND   CARBON   CORPORATION 

General    Offices. ..New    York  [[133  Sales    O  f  f  !  c  c  s  .  .  .  I  n    the    Principal    Cities 

65   Linde  plants,   48  Prest-O-Lite   plants,    174   Oxygen   Warehouse   stocks,    156    Acetylene  Warehouse  stocks 

42  Apparatus  Warehouse  stocks,  245  Union  Carbide  Warehouse  stocks 


FOR  Oxwelding 
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Illinois'  Only  Co-operative  Book  Stores 

Gifts  That  You  Would 
Like  to  Receive 


Such  is  the  array  of  fine  gifts  and  greeting  cards 
to  be  found  in  these  stores.  I^et  us  help  you  in 
your  selection. 

Fountain  Pens  and  Pencils 

Fountain  Pen  Desk  Sets 

Bookends  with  Illinois  Seal 

Books — Gift  Stationery 

Illinois  Pillow  Tops 

Banners,  Pennants,  Blankets 

Line-a-Day  Diaries 
Memory  Books  and  Albums 

Your  Christmas  shopping  will  be  easier  if  you'll 
drop  in  and  browse  around 


202 

SOUTH 

MATHEWS 
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EAST 

DANIEL 


Illinois'  Only  Co-operative  Book  Stores 


ON  THE  BONEYARD 


1-2  BLOCK  FROM  CAMPUS 
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Research  In  Civil  Engineering  at  the 
University  of  IlHnois 


Prot.  W.  C.  Hl  xtingtox 

llciul  (if  the  Drpartiiiint  of  C/nni  Knijiiu  irln</ 


WITH  the  rapid  development  of  the  many  phases 
of  ci\il  engineering,  new  problems  are  continu- 
ally arising  which  require  extensive  investigation 
before  many  features  of  design  and  construction  can  be 
satisfactorily  solved.  These  problems  are  being  studied 
by  practicing  engineers,  by  the  research  staffs  of  in- 
dustrial concerns,  by  governmental  agencies,  and  by  mem- 
bers of  university  staffs  working  individualh'  or  on  the 
stafifs  of  engineering  experiment  stations. 

STAFF — Research  in  engineering  at  the  University 
of  Illinois  is  accomplished  through  the  Engineering  Ex- 
periment Station.  This  year  the  Avork  in  civil  engineering 
is  being  carried  on  by  one  Research  Professor  whose  entire 
time  is  devoted  to  research  work,  by  several  other  faculty 
members  who  spend  a  considerable  part  of  their  time  in 
this  interesting  field,  and  by  fourteen  Research  Graduate 
Assistants  whose  energies  are  di\ided  equally  between  re- 
search projects  and  graduate  study.  These  assistants  are 
chosen  from  a  large  number  of  applicants  from  recent 
graduates  of  engineering  schools  throughout  the  country. 
They  are  men  who  have  made  outstanding  records  in 
their  undergraduate  work  and  are  recommended  by  the 
instructors  under  whom  they  have  studied  as  being  well 
qualified  for  graduate  study  and  research  work. 

FACILITIES — The  civil  engineering  laboratories 
for  undergraduate  instruction  and  for  research  are  located 
in  the  new  Materials  Testing  Laboratory  Building  which 
this  department  shares  with  the  Department  of  Theo- 
retical and  Applied  Mechanics.  This  building  has  an  H- 
shaped  plan  with  outside  dimension  of  187  feet  by  210 
feet.  The  parts  of  the  building  corresponding  to  the  legs 
of  the  H  have  four  stories  while  the  major  part  of  the 
section  corresponding  to  the  cross-bar  constitutes  the 
large  testing  laboratory  and  has  no  floor  intervening  be- 
tween the  ground  floor  and  the  roof.  It  is  100  feet  b\ 
40  feet  in  plan  with  a  clear  height  of  35  feet  all  served 
by  an  overhead  crane  of  lO-ton  caphcit\'.  The  main 
laboratory  occupying  this  part  of  the  building  projects 
1*^  feet  into  each  wing,  making  a  floor  area  of  14S 
feet  by  40  feet.  Adjacent  to  this  large  laboratory  on 
one  side  is  a  section  110  feet  by  26  feet  in  plan  with  a 
clear  height  of  2S   feet,  all  served   by  an  overhead   crane 


and  on  the  other  side  a  section  110  feet  by  26  feet  in 
plan  with  a  clear  height  of  12  feet.  The  total  width  of  this 
central  section  including  the  main  laboratory  and  the  two 
adjacent  laboratories  is  92  feet. 

Those  portions  of  the  floor  of  the  large  laboratory 
not  occupied  by  testing  machines  are  16  inches  thick  and 
heavily  reinforced.  They  are  provided  with  insets  placed 
six  feet  center  to  center  in  each  direction,  eacli  inset  being 
capable  of  withstanding  a  pull  of  50,000  pounds.  Ex- 
perimental structures  built  on  this  floor  can  be  loaded 
by  means  of  anchors  attached  to  the  insets.  The  prin- 
cipal testing  machines  in  the  research  laboratories  are 
shared  by  both  departments  and  are  as  follows:  A 
three-hundred  thousand  Riehle  Universal  Testing  Ma- 
chine capable  of  testing  a  20-foot  column  or  tension 
specimen  or  a  20-foot  beam;  a  six-hundred  thousand 
Riehle  Universal  Testing  Machine  capable  of  testing 
a  25-foot  coluiiin  or  tension  specimen  and  a  three 
million  pound  Southwark  Emery  Um'versal  Testing 
Machine  capable  of  testijig  a  38-foot  column  or  tension 
specimen.  Several  smaller  machines  of  capacities  of 
fifty  thousand  to  two  hundred  thousand  pounds  are 
located  in  various  parts  of  the  building.  Auxiliary  facili- 
ties such  as  shops,  moist  closets,  constant  temperature 
looms  are  provided  and  the  necessary  apparatus,  strain 
gages,  and  tools  are  available.  Well  equipped  labora- 
tories for  research  in  bituminous  and  non-bituminous 
highway  materials  occupy  the  third  floor  of  the  east  wing. 

FINANCIN(;  OR  PROJECTS— The  funds  for  re- 
search work  at  the  University  of  Illinois  are  provided  by 
the  University  assisted  by  technical  societies,  bm-eaus,  as- 
sociations, and  industries  who  are  directly  or  indirectly 
interested  in  some  phase  of  research  or  who,  in  many 
cases,  come  to  the  University  for  the  .solution  of  problems 
with  which  they  have  been  confronted. 

HEARING  VALUE  OF  ROLLERS— One  of  the 
most  important  projects  now  underwa\  was  inaugurated 
because  of  the  unknown  stress  conditions  in  the  rolling 
parts  of  rolling  bascule  bridges.  This  type  of  moveable 
bridge  opens  by  the  rotation  of  a  bascule  leaf  to  a  nearly 
\ertical  position  by  the  rolling  of  one  end,  as  shown  in 
Figiue  1.     Due  to  the  weight  of  the  massive  structure,  the 
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load  to  be  carried  by  the  rolling;  end  of  the  bascule  leaf  is 
very  large.  Steel  rollers  of  various  compositions,  heat  treat- 
ments, and  diameters  up  to  40  feet  were  studied  and  a 
specification  for  the  allowable  loads  was  finally  formu- 
lated. Without  doubt,  this  specification  will  become  the 
basis  for  the  design  of  the  rolling  parts  of  future  bascule 
bridges.   Another  ph.ise  of  this  same  investigation  is  con- 
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ceriied  with  smaller  rollers,  \arying  in  diameter  from  2 
inches  to  !20  inches,  such  as  are  used  for  expansion  nests 
and  rocker  arms  of  bridges.  In  this  study,  instruments 
were  used  which  will  measure  accurately  deformations  as 
small  as  one-hundred-thousandth  of  an  inch.  In  order  to 
detect  any  change  in  the  crystalline  structure  of  the  steel 
forming  the  rollers  being  tested  because  of  the  loads  to 
which  they  are  subjected,  X-ray  studies  will  be  made. 
This  project  is  being  carried  on  by  Alfred  Hedefinc,  a 
research  graduate  assistant  and  a  graduate  of  Rutgers 
College,  and  is  under  the  direction  of  Research  Professor 
W.  M.  Wilson  with  funds  supplied  by  the  American 
Railway  Engineering  Association,  the  Scherzer  Rolling 
Bascule  Bridge  Co.,  and  the  University. 

DRAINAGE  I NVESTICiATION— Rainfall  is  of 
course  essential  to  our  e.xistence  but  it  may  also  be  a 
menace  to  life  and  property.  Both  of  these  factors  enter 
into  an  investigation  of  the  rainfall  and  runoff  charac- 
teristics in  east  central  Illinois  which  has  been  underway 
in  the  civil  engineering  department  for  the  past  seven 
years.  During  this  period  the  quantities  of  water  flow- 
ing from  seven  water  sheds,  called  yield,  have  been  de- 
termined by  means  of  stream-gaging  stations  at  the  lower 
end  of  each  watershed  under  consideration.  This  in- 
formation is  of  value  to  water-supply  engineers,  since 
more  and  more  communities  are  turning  to  surface  waters 
as  a  source  of  domestic  water  supply.  The  maximum  dis- 
charge for  each  watershed  is  also  determined  because  of 
its  value  in  designing  drainage  systems  to  dispose  of  the 
water  during  flood  periods  and  thereby  preventing  injury 
to  crop  and  other  damage  and  po.ssible  loss  of  life  due  to 
flood  waters.  Other  factors  than  the  quantity  of  water 
to  be  carried  enter  into  the  design  of  a  drainage  ditch, 
the  most  uncertain  of  which  is  the  resistance  to  flow 
offered  by  irregvdarities  in  the  banks  and  the  bed  of  the 
channel  and  by  vegetation  such  as  weeds,  willows,  and 
small  trees  on  the  edges  of  the  channel.  This  investiga- 
tion has  contributed  valuable  information  concerning  this 
factor  and  will  reduce  in  a  considerable  measure  the  un- 
certainty which  has  heretofore  existed.  In  all  cases  the 
relation  between  the  rainfall  and  runoff  for  each  water 
shed   is  being  determined.     This   relation   depends  upon 


many  factors  such  as  the  size,  shape,  and  slope  of  the  area, 
and  the  character  of  the  soil.  The  seven  areas  being 
studied  vary  considerably  in  their  characteristics  .so  the 
results  obtained  will  serve  as  a  basis  for  prediction  of  the 
yield  and  maximum  discharge  from  other  drainage  areas 
ulu-rc  conditions  prevail  which  are  similar  to  those  of 
any  of  those  under  consideration  in  these  studies.  This 
in\estigation  is  being  carried  on  jointly  by  the  civil  en- 
gineering department  and  the  United  States  Bureau  of 
Public  Roads.  The  work  of  the  department  is  under 
the  direction  of  Professor  George  W.  Pickels. 

BIAXIAL  STRESS — During  recent  years  a  new 
form  of  spherical  high-pressure  gas  container  has  been 
iie\eloped  to  take  the  place  of  the  common  form  of  low 
pressure  gas  holders  used  to  store  gas  for  domestic  and 
industrial  uses.  Being  spherical  in  form,  every  part  of 
the  steel  shell  of  the  type  is  subjected  to  equal  tensile 
stresses  acting  in  all  directions  e.xcept  that  normal  to  its 
surface.  Many  theories  have  been  advanced  concerning 
the  failure  of  material  under  such  conditions  but  no  def- 
inite conclusions  have  been  reached.  Experimental  studies 
in  this  interesting  field  are  being  carried  on  using  spheres 
and  hemispheres  of  cast  iron,  forged  steel,  and  aluminum 
.ibout  eighteen  inches  in  diameter.  In  testing,  these 
spheres  are  filled  with  water  and  pressure  is  applied  by 
means  of  a  hand  pump.  Strain-gage  readings  are  taken 
in  several  places  on  the  sphere  as  the  internal  pressure  is 
increased  by  stages  until  rupture  occurs.  The  elastic 
properties  and  strength  of  the  material  in  the  sphere 
stressed  in  all  directions  is  compared  with  the  correspond- 
ing properties  of  material  of  the  same  composition,  treated 
in  the  same  manner  but  subjected  to  tension  in  one  direc- 
tion only.  Such  comparisons  are  expected  to  throw  some 
light  on  the  phenomenon  of  biaxial  stress.  It  is  possible 
to  design  this  new  form  of  container  with  a.ssurance  of 
satisfactor\-  service  but  it  is  hoped  that  these  and  similar 
studies  will  mean  greater  economy  in  the  use  of  material. 
F.  B.  Metterhausen,  a  research  graduate  assistant  who 
graduated  at  the  University  of  Illinois,  is  now  carrying 
on  the  studies.  He  is  working  under  the  direction  of 
Research  Professor  W.  M.  Wilson  and  with  funds  pro- 
vided by  the  Chicago  Bridge  and  Iron  Works. 

SEWKR    PIPE    JOINTING    MATERIALS— In 

the  construction  of  most  lines  of  sewers  it  is  necessary 
that  the  entrance  of  w.iter  from  the  surrounding  ground 
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be  prevented.  Among  the  principal  difficulties  resulting 
from  the  entrance  of  water  into  the  sewers  is  the  sur- 
charging of  the  sewer,  thereby  reducing  its  capacity  for 
carrying   the   load    for  which   it  was   designed.     Where 
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underground  water  is  allowed  to  enter  sanitary  sewers, 
and  the  sewage  therefrom  is  treated,  the  load  on  the 
treatment  plant  is  increased,  resulting  in  increased  cost 
of  operation.  Roots  from  trees  and  shrubbery  sometimes 
penetrate  sewers  in  search  of  moisture  to  be  found  therein 
and,  finding  the  conditions  suitable  for  their  growth,  so 
fill  the  pipe  as  to  stop  the  flow  either  partially  or,  with 
the  help  of  solid  matters  flowing  in  the  sewage,  com- 
pletely. The  leakage  of  sewage  from  sewers  into  the 
surrounding  ground  is  seldom  the  cause  of  difficulty  al- 
though occasionally  nearby  wells  or  sources  of  water  sup- 
ply may  be  polluted.  Leakage  into  or  from  sewers  occurs 
almost  entirely  at  the  joints.  It  is  essential,  therefore, 
that  the  joints  be  made  watertight  and  sufficiently  strong 
to  prevent  the  penetration  of  roots.  To  make  a  joint 
tight  under  the  conditions  in  which  sewers  are  laid  and 
to  have  the  joint  remain  tight  during  the  life  of  the 
sewer  requires  a  material  which  is  easy  to  handle  and  re 
quires  but  little  skill  in  forming  the  joint;  it  must  be  in- 
expensive, durable,  reliable,  and  must  not  be  so  strong 
and  rigid  that  slight  movements  which  occur  under  the 
ground  due  to  settlement  or  other  causes,  will  result  in 
the  cracking  of  the  pipe.  None  of  these  requirements 
has  been  met  satisfactorily  by  an\-  pipe  jointing  material 
now  available.  The  civil  engineering  department  is  con- 
ducting an  investigation  of  pipe  jointing  materials  for 
the  purpose  of  finding  the  most  suitable  material  avail- 
able. The  Clay  Products  Association  is  co-operating  with 
the  I  niversity  on  this  project.  The  work  is  being 
directed  by  Professor  H.  E.  Babbitt  and  is  being  con- 
ducted by  research  graduate  assistants  R.  B.  Moorman 
who  is  a  graduate  of  the  University  of  Illinois  and  H.  E. 
Dew  from  the  Texas  College  of  Agriculture  and  Me- 
chanic Arts. 

REINFORCED  CONCRETE  ARCH  INVESTI- 
GATION— Reinforced  concrete  arches  are  extensivelv 
used  in  bridge  construction  and  their  use  in  building 
construction  is  developing  rapidly.  The  design  of  such 
arches  assumes  ideal  conditions  which  can  never  be  met 
in  actual  construction.  For  this  reason,  it  seemed  de- 
sirable several  years  ago  to  undertake  the  experimental 
study  of  reinforced  concrete  arches  which  were  largt 
enough  to  be  considered  as  real  structures  rather  than 
as  small  models.  Considering  the  facilities  available  for 
testing,  a  span  of  about  seventeen  feet  was  decided  upon. 
Exhaustive  tests  of  the  bare  arch  ribs  without  the  decks 
required  to  carry  the  roadways  have  been  carried  on  and 
other  tests  have  been  made  to  determine  the  supporting 
efifect  of  the  decks  of  open  spandrel  arches.  It  is  com- 
mon practice  to  provide  expansion  joints  in  such  decks, 
so  the  efifect  of  these  joints  in  various  locations  has  been 
studieil.  The  experimental  work  has  been  supplemented 
by  detailed  analytical  studies  and  considerable  use  has 
been  made  of  celluloid  models.  The  results  of  the  studies 
of  single-span  arches  have  pro\ed  to  be  so  valuable  to 
the  engineering  profession  that  an  ambitious  project  has 
just  been  inaugurated  which  will  take  up  the  study  of 
multiple-span  arches  on  elastic  piers  rather  than  on  rigid 
supports.  This  project  will  extend  over  several  years 
and  will  of  course  invohe  the  expenditure  of  consider- 
able money.  On  this  project  the  University  has  had 
the  financial  assistance  and  the  technical  advice  of  the 
American  Society  of  Civil  Engineers,  through  its  arch 
committee,  and  the  Engineering  Foundation.  This  in- 
terest and  support  is  to  be  continued  and  is  now  to 
be  substantially  augmented  by  the  United  States  Bureau 
of  Public  Roads.  Many  research  graduate  assistants 
have  made  valuable  contributions  to  this  work  in  the 
past.  This  year  the  men  assigned  to  this  project  are 
research  graduate  assistants  \V.  M.  Honour  from  Georgia 


Institute  of  Technology  and  Glenn  Murphy  from  the 
University  of  Colorado.  Research  Professor  W.  M.  Wil- 
son is  in  charge  of  this  project. 

DEPENDABILITY  OF  THEORY  OF  CON- 
CRETE ARCHES — Many  factors  enter  into  the  calcu- 
lation of  stresses  in  concrete  arches.  Some  of  these,  such 
as  the  elastic  properties  of  concrete  can  be  determined 
only  by  experiment  but  others  are  of  a  mathematical 
nature  and  should  be  studied  by  analytical  methods.  The 
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methods  of  analysis  used  may  be  subject  to  a  considerable 
number  of  discrepancies  without  very  seriously  affecting 
the  design.  However,  it  is  important  to  investigate  the 
possible  discrepancies  in  the  theoretical  analysis  and  what 
range  of  variation  in  the  result  is  possible  and  probable. 
An  investigation  of  the  factors  which  are  subject  to  varia- 
tion and  of  the  effect  of  such  variations  on  the  stresses 
in  the  arch  has  recently  been  completed  by  Professor 
Hardy  Cross. 

JOINTS  IN  WIDE  PLATES— Until  recently,  all 
of  the  tests  of  riveted  joints  in  plates  had  been  conducted 
on  relatively  narrow  plates  containing  only  a  few  rivets. 
Since  the  plates  used  in  tank  work  are  very  wide  it 
seemed  desirable  to  investigate  the  action  of  riveted 
joints  or  seams  in  wide  plates,  to  study  the  properties  of 
different  types  of  joints,  and  to  compare  the  actual 
strengths  with  the  theoretical  strengths.  AH  joints  are 
tested  to  destruction,  observations  being  made  to  deter- 
mine the  strain  in  the  plates  and  the  slip  in  the  rivets 
along  the  entire  length  of  the  .seam.  In  the  case  of  lap 
joints,  particular  attention  is  paid  to  the  effect  of  the 
eccentricity  of  the  load  on  the  tightness  of  calked  joints, 
this  being  an  important  factor  in  the  construction  of 
watertight  tanks.  Tests  are  made  to  assist  in  determin- 
ing the  effective  net  section  of  tension  plates  containing 
rivet  holes  on  two  or  more  closely  spaced  transverse  gage 
lines.  This  question  is  still  the  subject  of  controversy 
in  spite  of  the  considerable  amount  of  experimental  and 
analytical  study  which  it  has  received.  E'unds  for  this 
investigation  are  being  provided  by  the  Chicago  Bridge 
and  Iron  Works.  Research  graduate  a.s.sistant  C.  O. 
Harris,  a  graduate  of  the  University  of  Illinois,  is  con- 
ducting the  experiments  under  the  direction  of  Research 
Professor  W.  M.  Wilson. 

AERATION  OF  SEWAGE— The  activated  sludge 
process  of  sewage  treatment  is  among  the  latest  and  most 
satisfactory    processes    developed    for    sewage    treatment. 
(Continued  on  Poor  25) 
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Pumping  Gas  —  Foundation  Problems 
of  a  Substation 


Andrrw  S.  Kr.ESZEWSKi  '•>•> 


IN  THE  fertile  semitropical  cotton  fields  of  Louisi- 
ana and  lower  Arkansas,  the  recent  property  owner 
has  become  a  wealthy  man ;  not  from  the  crop  he  can 
ji;row  on  the  surface  of  his  farm,  but  from  the  rich  na- 
tural resource  many  hundreds  of  feet  below — natural  gas. 

No  doubt  the  majority  of  residents  of  St.  Louis 
using  gas  for  light  and  fuel  know  little  if  anything  of 
the  distance  and  route  traveled  by  it  or  of  the  romance  in 
the  task  of  getting  it  to  their  houses.  Over  the  Ozark 
mountains,  across  rivers  and  swamps,  through  vermin 
and  pest-infested  wilderness,  for  a  distance  of  600  miles 
and  from  5  to  6  thousand  feet  below  the  surface  of  these 
Louisiana  fields  it  is  brought  into  their  homes  to  respond 
to  the  touch  of  their  hand. 

Natural  gas  has  been  found  in  the  last  few  years  to 
exist  in  an  abundant  volume  in  the  northern  part  of 
Louisiana  and  southern  Arkansas.  In  this  article  the 
writer  will  try  to  explain  how  the  Mississippi  River  Fuel 
company  pumps  natural  gas  from  the  fields  at  Bestrop, 
La.,  to  St.  Louis,  Mo.,  a  distance  of  some  575  miles,  and 
will  discuss  in  detail  the  foundation  problems  of  one  of 
the  substations. 

This  gas  is  pumped  from  the  wells  in  the  \icinit\  of 
Bestrop,  La.,  compressed  at  a  "booster"  station  there,  and 
forced  north  up  the  line  through  a  22  inch  pipe.  Ninety 
miles  north  a  similar  station  sucks  this  gas  up  and  again 
compresses  it  to  a  pressure  of  350  lbs,  cools  it,  and  then 
boosts  it  ahead  to  the  next  station.  This  operation  is 
repeated  all  the  way  to  St.  Louis.  The  gas  cools  down, 
and  loses  its  compression  on  account  of  pipe  friction  and 
small  leaks,  so  a  station  is  required  every  ninety  miles 
from  the  gas  fields  to  the  ultimate  destination. 

The  Mississippi  River  Fuel  company  owners  awarded 
a  contract  to  Williams  Bros.,  Lie,  of  Kansas  City,  for 
the  laying  of  the  22  inch  main  line  and   gave  another 


contract  to  the  Foundation  company  of  America  for  the 
construction  of  all  concrete  work  in  the  five  booster  sta- 
tions on  this  line.  These  stations  were  located  at  Bestrop, 
La.,  Perryville,  La.,  Pine  Bluff,  Ark.,  Fredericksburg, 
Mo.,  and  Jackson,  Mo. 

The  original  survey,  topography  and  establishment 
of  a  bench  inark  was  made  by  the  Mississippi  River  Fuel 
company.  Figure  1  shows  the  property  lines  and  area 
within  which  the  booster  station  or  compressor  plant 
was  built,  located  about  27  miles  Southeast  of  Pine  Bluff, 
Arkansas. 

A  base-line  was  run  perpendicular  to  the  center  line 
of  the  Pine  Bluff  road  and  located  as  N  88°-17'  E,  from 
which  all  building  lines  and  center-lines  were  established. 
All  the  center-line  of  cohmins,  the  center-line  of  fly- 
wheels, and  the  center-line  of  the  22  inch  main  line 
were  set  at  90°  to  this  base-line  so  that  the  plant  was 
parallel  to  the  Pine  Bluff  road.  A  bench  mark  No.  1 
was  established  at  the  high  ground  elevation  of  the  prop- 
erty and  called  elevation  100.00.  From  this  all  meas- 
urements were  made  and  all  contour  lines  run. 

A  temporary  office  building  and  warehouse  in  which 
two  separate  offices  were  maintained,  one  by  the  Mis- 
sissippi River  Fuel  company,  and  one  by  the  Foundation 
company,  were  built.  This  building  along  with  tempo- 
rary camp  buildings,  buildings  housing  about  80  men, 
and  the  drilling  of  a  water  well  located  in  the  southeast 
corner  of  the  auxiliary  building  was  the  first  part  of  the 
job.  The  well  was  a  4  inch  water  well  and  required 
.1  weeks  of  steady  drilling  da>'  and  night  before  a  suffi- 
cient water  supply  was  found.  This  was  at  1400  feet 
below  surface  and  its  capacity  was  50  barrels  an  hour. 
One  of  the  snapshots  shows  a  well  being  drilled  which 
was  at  the  northeast  corner  of  the  property.  This  one 
\\as   1800  feet  deep  and  its  capacity  42  barrels  an  hour. 
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The  superintendent  for  the  Foundation  company  was 
W.  J.  Miller,  a  graduate  engineer  and  a  very  practical 
applicant  of  his  long  experience  and  theory.  All  the 
work  was  done  with  the  approval  of  Mr.  Taylor,  the 
representative  of  the  Mississippi  River  Fuel  company, 
will)  li\ed  and  stayed  on  the  job  from  the  beginning  to 


the  completion.  My  task  was  that  of  engineer  and  lay- 
out man.  1  later  designed  the  layout  of  the  dwelling 
houses  and  had  the  good  fortune  of  being  in  charge  of 
the  construction  of  this  dwelling  community.  The  com- 
mon and  skilled  labor  crew  consisted  of  some  60  to  100 
men.  A  good  many  of  these  were  neighboring  farmers, 
but  there  was  a  disadvantage  to  this  type  of  labor  as 
the  day  after  a  rain  would  find  half  of  them  at  home 
cultivating  their  cotton.  We  lived  in  a  camp  on  the 
job  which  housed  about  90  men. 

The  working  period  was  a  10-hour  day,  although  a 
good  deal  of  overtime  and  Sunday  work  was  done.  Labor 
was  paid  25  to  34  cents  and  carpenters  50  to  65  cents 
with  straight  time  for  overtime,  and  time  and  a  quarter 
for  Sunday  work.  More  than  this  could  not  be  paid 
for  wages  as  the  laborer  in  this  climate  can  not  do  the 
same  amount  of  work  as  he  can  in  the  north.  Colored 
labor  was  used  very  little. 

All  material  for  the  job  had  to  be  d rayed  from  Star 
City  Arkansas,  a  little  junction  town  about  9  miles  from 
the  job.    This  constant  traffic  with  heavy  loads  of  gravel. 
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Steel,  cement,  etc.,  havded  day  and  night  required  con- 
stant repair  work  on  this  road  and  a  special  crew  was 
maintained  by  the  company  which  kept  the  road  in  pass- 
able condition. 

The  next  step  was  the  excavation  for  the  compressor 
vat.     Cross-section  levels  were  taken  of  the  ground  eleva- 


tion over  the  entire  area  of  the  building  location  as  both 
cut  and  fill  had  to  be  kept  separate. 

The  excavation  was  195'-0x60'-0  by  an  average  cut  of 
five  feet  and  was  performed  with  team  and  wheel 
scrapers.  The  soil  was  stiff  yellow  gumbo,  therefore  the 
banks  were  trimnie<l  with  a  spade  into  a  sheer  bank  and 
thereby  eliminated  the  cost  of  building  outside  frames  for 
rile  mat.  This  reinforced  concrete  mat  or  floating  was 
!''5'-0x60'-0  and  reinforced  with  a  layer  of  %"  round 
rods  spaced  18"  apart  and  running  at  right  angles  to 
each  other  and  about  6"  below  the  top  surface  of  the  mat, 
and  another  layer  about  6"  above  the  bottom  of  the  mat. 
To  avoid  construction  joints  it  was  poured  in  one  opera- 
tion and  required  about  38  hours  straight  run,  the  mixer 
being  only  %  Y^^'i  capacity.  Dowel  bars  were  left  stick- 
ing up  36"  above  the  surface  spaced  every  12"  to  bind 
and  hold  each  compressor  foundation  or  block  in  place. 
This  mat  required  993  cubic  yards  of  concrete  of  I  :3:^ 
mix  and  25  tons  of  •Vi"  bars. 

On  top  of  this  mat  was  the  foundation  for  seven  com- 
pressor blocks,  each  to  carry  a  twin  compressor.  These 
compressor  blocks  were  laid  out  and  centered  to  the 
center  line  of  fly-wheel  of  compressor,  and  the  center  line 
of  engine.      All    blocks   were    18'-(V'   wide,   52'-0"   long. 
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5'-4"  high  at  their  lowest  point  and  8'-8"  high  at  their 
highest  point,  and  each  block  centered  26'-0"  from  the 
other.  Figures  2  and  3,  although  without  scale,  will  give  a 
general  idea  of  these  blocks.  The  forms  for  these  blocks 
were  well  braced  with  b"-6"  timbers  spiked  and  wired  to- 
gether with  No.  14  -wire  from  one  side  to  another.  The 
sides  were  built  into  panels  and  used  two  or  three  times, 
which  was  considered  a  very  good  service  and  economy  in 
the  prevailing  heat  of  the  summer,  which  was  between 
100°  and  110°.  Each  block  had  a  volume  of  233  yards  of 
concrete  with  very  little  reinforcing.  Some  one-half  inch 
bars  were  used  at  corners  but  the  entire  block  only  required 
about  700  pounds  of  reinforcing  steel.  The  most  important 
part  of  each  block  was  the  setting  of  the  bolts  for  the  com- 
pressors as  each  of  these  were  held  with  36  lyi"  bolts 
of  various  sizes  ranging  from  6'0  to  9'0  long.  These  had 
to  be  centered  with  both  the  center  line  of  fly-wheel  and 
the  center  line  of  engine.  These  bolts  were  hung  on  temp- 
lets which  were  spiked  to  the  forms  firmly  holding  them  in 
place.  A  templet  is  made  by  setting  a  2"x4",  as  long  as 
the  forms  were  wide  (18'-0))  on  each  side  of  the  bolt 
and  nailing  a  small  block  between  these  2x4's  on  each 
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side  ot  the  bolt,  holding  the  bolt  firnily  on  center.  Then 
two  Mocks  were  set  on  end  and  wired  alongside  of  the 
bolt  projecting  above  the  templet  and  underneath 
the  top  unit,  holding  the  bolt  to  its  elevation.  Figure 
4  shows  both  the  method  of  hanging  the  bolt  and 
the  way  it  set  in  the  concrete.  The  bottom  of  the  bolts 
was  wired  each  way  and  fastened  to  the  frames  in  order 
to  prevent  the  bolt  from  leaning  when  the  concrete  was 
poured.  At  the  bottom  of  the  bolt  and  aroiuid  the  bot- 
tom nut  a  small  water  tight  box  was  built  and  fastened 
with  wire,  allowing  the  bolt  to  stick  through  the  bottom 
nut  about  2".  This  box  was  left  in  the  concrete  and  in 
this  manner  the  concrete  held  the  nut  fast  but  allowed 
the  bolt  to  be  screwed  out  and  removed  from  the  block 
when  the  machinery  was  placed.  Then  when  the  machine 
base  was  centered  the  bolt  was  dropped  through  and 
screwed  into  the  nut  again.  Of  course,  when  the  ma- 
chine base  was  leveled  and  shimmed  up  to  the  proper 
elevation  a  fine  grout  was  poured  under  the  base  and 
this  also  ran  into  the  bolt  holes  and  then  the  bolt  was 
absolutely  fast  and  could  not  be  removed;  however,  this 
is  a  great  improvement  over  the  old  type  of  hook  bolt. 
This  eliminated  the  hoisting  of  machinery  over  the  top 
of  the  bolt  and  then  slipping  it  down  over  the  bolts.  With 
this  method  and  type  of  bolt  machinery  is  accurately  and 
firmly  set  and  aligned  to  center  without  any  damage  to 
the  bolts  or  any  part  of  the  machine  itself.  It  also  saves 
cost  of  operating  a  hoisting  engine  and  labor. 

The  seven  foundations  or  blocks  were  all  poured  be- 
fore any  work  was  performed  on  the  oustide  walls.  The 
north,  south,  and  west  walls  were  ea.sily  constructed  but 
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the  east  wall  required  a  good  deal  more  attention  as  the 
trenches  were  connected  with  it  and  all  intake  and  dis- 
charge lines  came  through  it.  If  you  will  refer  to  the 
picture  showing  the  trenches  and  water  cooling  tower 
(Figure  5)  you  will  notice  13  trenches  which  are  con- 
nected with  the  east  wall  of  the  compressor  building, 
perpendicular  to  it  and  directly  behind  each  compressor 
block,  and  one  large  trench  running  parallel  to  the  wall. 
The  smaller  trenches  are  called  8"  conduit  trenches  and 
the  large  one  the  20"  main  header  trench.  The  purpose  of 
these  trenches  is  to  cool  the  gas  as  it  becomes  very  hot 
when  compressed.  The  gas  is  pumped  from  the  20" 
suction  line  into  the  compressor  through  an  8"  pipe  called 
the  intake  line,  which  runs  through  the  first  perpen- 
dicular trench  through  the  compressor  building  wall  and 
into  the  compressor,  compressed  to  330  pounds,  and  dis- 
charged while  very  hot  (somewhere  around  120()°F)  into 
the  discharge  line  in  the  second  trench  .which  in  turn  dis- 
charged it  into  the  20"  main  header.  From  here  it  is  fed 
into  the  coils  in  the  gas  cooler  basin  where  it  is  cooled 
and  forced  through  the   12"  discharge  lines  into  the  22" 


main  line  and  boosted  90  miles  north.  Figure  7  shows  a 
cross-section  of  the  trench  at  the  compressor  wall  and  8 
shows  the  route  the  gas  traveled  into  the  compressor 
and  out  again  into  the  main  line.  The  floors  of  these 
had  to  be  poured  together  with  the  walls  to  prevent  any 
construction  joints  and  to  insure  w'ater  proofness.  The 
hanging  and  bracing  of  forms  w-as  perhaps  the  hardest 
part  of  the  construction  of  these  trenches.     It  required 
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very  skilled  labor  and  accurate  measurements  with  con- 
stant checking  and  rechecking.  It  become  quite  com- 
plicated, as  our  space  was  very  congested  with  heavy 
bracing  and  form  work. 

The  gas  cooler  basin  and  the  water  cooling  tower 
presented  the  same  problems  as  the  discharge  trenches. 
The  form  work  was  always  completed  on  the  walls  be- 
fore any  concrete  was  poured  so  that  that  floor  and  wall 
was  poured  together  and  no  seams  were  made.  When 
the  work  had  to  be  stopped  the  set  concrete  was  chipped 
and  gouged  to  insure  a  good  bond  and  joint  connecting 
the  concrete.  The  walls  being  only  6"  thick,  extreme 
care  had  to  be  taken  in  puddling  and  spading  to  prevent 
honeycombs  and  still  not  bulge  the  walls.  To  pre\ent 
the  concrete  from  running  out  the  floor  of  the  trench, 
making  it  irregular,  the  floor  had  to  be  poured  first 
with  only  about  2"  of  the  wall  poured  about  the  floor. 
It  was  left  to  set  for  about  an  hour  before  the  rest  of  the 
wall  was  poured.  Then  the  wall  with  its  reinforcing 
steel  placed  2"  from  the  inside  face  of  the  wall  and  the 
inside  panel  being  hung  from  the  top  made  it  necessary 
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to  be  extremely  careful  in  concreting  to  eliminate  all 
honcjcombs.  This  made  the  pouring  of  the  concrete 
volume  each  day  very  small  and  checking  of  building 
lines  and  elevation  during  the  pour  very  essential.  Similar 
care  had  to  be  taken  thiring  the  construction  of  the  12" 
discharge  pipe  supports  which  were  poured  together  with 
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the  cast  wall  of  tlu*  ^:is  cooler  basin  and  whicli  wi'ic 
4"-0  higher  than  the  top  of  the  wall,  especially  so  be- 
cause the  support  bolts  were  set  right  in  tile  concrete  on 
top  of  these  support  piers. 

The  small  building  between  the  water  coolinji  touer 
and  the  trenches  is  the  water  pump  house.  This  building 
was  only  36'-()"xlh'-()"  holding  fi\e  separate  touiuiations 


tor  the  support  of  pumps  wiiicli  pumped  the  water  to 
the  100,000  gallon  tank  and  the  top  of  the  cooling  tower. 
The  water  cooling  tower  co\ered  an  area  of  48x18  and 
its  walls,  footers,  and  floors  were  all  poured  in  one  opera- 
tion also.  The  tower  itself  was  built  of  California  Red- 
wood and  was  about  70'-0  high,  held  by  guy  wires.  The 
cooled  water  drained  off  the  floor  into  the  gas  cooler 
basin  through  drains  at  the  north  end  of  the  cooling 
tower  floor. 

The  regular  building,  used  for  regulating  tlie  intake 
and  discharge  of  gas  and  also  the  fuel  used  (natural 
gas)  for  the  operation  of  compressors,  was  only  12'x20' 
and  very  simple  to  construct.  The  auxiliary  building  and 
the  warehouse  and  machine  shop  were  simple  construc- 
tion. The  foundations  shown  in  the  auxiliary  building 
are  for  the  generators. 

The  picture  showing  the  100,000  gallon  tank  under 
construction  also  shows  the  concrete  support  piers.  If 
you  will  notice  the  layout  sketch  (Figure  1)  you  will 
see  that  the  tank  sets  over  the  base  line.  The  south  sup- 
port piers  were  directly  on  the  base  line,  making  it  neces- 
sary in  laying  out  the  centers  of  these  piers  to  also  pro- 
vide some  means  by  which  the  form  could  be  checked 
before  they  were  poured.     First  a  stake  was  established 
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on  the  base  line  to  locate  the  center  line  of  the  tank. 
Then  an  angle  of  90°  was  turned  and  the  distance  to 
the  center  line  of  center  pier  was  measured  and  stake 
set  at  the  same  set-up  extending  the  line  about  30  feet 
both  ways  and  leaving  these  stakes  well  guarded  as  ref- 
erence stakes.  Also  distances  OA  and  (^C  were  measured 
and  stakes  set  to  designate  these  measured  distances.  This 


(■staiilishci!  the  nortli  and  south  center  lines  of  the  center 
pier.  Then  tile  instrument  was  set  up  over  the  tack 
of  the  center  pier  and  an  angle  of  45°  turned  off  the 
reference  stake  and  a  known  distance  measured  on  this 
new  line  to  the  center  of  the  support  pier  P-1.  The 
telescope  was  "flopped"  and  V-^  was  set  in  the  same 
manner.  The  next  angle  turned  designated  the  east  and 
west  center  line  of  the  center  pier  and  tank  and  the 
figured  distance  OB  was  measured  and  a  stake  set  also. 
OI)  was  set  by  flopping  the  telescope  and  measuring  the 
same  distance  equal  to  OB.  Next  45°  angle  established 
P-2  and  P14.  These  angles  of  45°  established  the  center 
line  of  support  piers  and  the  angle  of  9(|-  established 
the  center  line  of  the  center  pier.  Lines  AH,  BC,  CD, 
and  DA  established  center  lines  for  the  support  piers 
perpendicular  to  the  45°  lines  turned  off  with  transit. 
Then  having  all  center  lines  layed  out,  the  carpenters 
set  up  batter-boards  about  3'-0  from  each  side  of  every 
support  pier  and  about  20'-0  from  each  side  of  center 
pier  and  standing  about  lO'-O  above  the  ground  or  about 
2'  above  the  top  of  the  finished  form  of  these  piers. 

Now  the  batter-board  is  something  the  engineer  does 
not  get  acquainted  with  until  he  gets  out  on  a  job  and 
then  he  will  find  that  this  is  one  of  the  most  practical 
ways  of  holding  a  center  line.  Referring  to  figure  No.  9 
you  will  see  that  two  2"x6"  stakes  are  driven  into  the 
ground  and  braced  from  each  side  with  boards.  Either 
a  good  straight  board  or  a  2x4  is  nailed  across  the  top. 
Then  the  line  is  shot  on  top  of  the  board  and  the  usual 
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method  is  to  saw  a  small  notch  into  the  board  designating 
the  building  line  through  which  a  wire  is  stretched.  This 
gives  the  carpenter  a  line  to  build  his  forms  by.  If 
these  batter-boards  are  made  strong  enough  and  placed  a 
good  distance  from  the  excavation  they  are  most  reliable. 
However,  this  method  worked  out  fine  for  the  center 
pier  and  also  for  the  form  work  on  the  support  piers, 
but  was  not  positive  for  the  column  bolts  on  these  support 
piers,  due  to  the  congestion  of  the  small  area  in  which 
these  high  pier  forms  were  built.  No  matter  how  care- 
fully the  labor  was  done  there  was  still  a  chance  of 
moving  a  batter  board  a  fraction  of  an  inch  and  this 
would  not  do  as  the  bolts  had  to  be  exact  to  fit  the 
support  columns  later.  Therefore,  for  the  final  check 
the  center  pier  was  checked  from  the  base  line  but  this 
could  not  be  done  with  the  other  piers  as  each  rose  above 
S'-O  above  the  ground  and  at  least  3'0  above  the  height 
of  the  instrument  at  any  setup.  Therefore,  the  center 
pier  was  poured  first  and  completed  about  noon.  In  an 
hour  and  a  half  it  had  set  sufficiently  that  the  instrument 
(Conlinitrd  on    Parjc  22) 
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The  Navy's  New  Airship,  ZRS-4 


MiLO  S.  Ketch L.M,  Jr.  '31 


THE  United  States  iia\y  is  now  building  at  Akron. 
Ohio,  a  large  rigid  airship,  the  ZRS-4.  The  reasons 
tor  giving  the  airship  these  Itters  are  interesting  be- 
cause they  indicate  the  use  to  which  the  navy  intends  to 
put  it.  ZR  means  a  rigid  airship  of  the  Zeppelin  type, 
S  shows  that  it  is  for  scouting  work  and  4  indicates  that 
it  is  the  fourth  of  this  type.  It  will  be  785  feet  long 
and  146.5  feet  in  height  with  a  total  volume  of  6,500,- 
000  cubic  feet,  roughly  three  times  as  large  as  the  Los 
Angeles  and  twice  as  big  as  the  Graf  Zeppelin. 

The  construction  of  this  ship  has  been  entrusted  to 
the  (loodyear  Zeppelin  Corporation,  a  subsidiary  of  the 
(lOodyear  Tire  and  Rubber  Company  of  Akron,  Ohio, 
who  purchased  the  American  rights  to  the  designs  and 
patents  of  the  Zeppelin  Company  of  Freidrichshafcn, 
Germany,  in  1923.  At  this  time  a  number  of  German 
engineeers  were  brought  to  this  country,  including  Dr. 
Karl  Arnstein,  Chief  Engineer  of  the  Luftschiffba\i 
Zeppelin  who  had  accumulated  experience  from  the  con- 
struction of  over  one  hundred  airships  during  the  war. 

An  international  design  competition  in  1926  for  a 
large  rigid  airship  was  the  first  step  leading  to  the  con- 
struction of  this  dirigible  and  first  place  was  awarded  to 
the  Goodyear  Zeppelin  Co.  In  the  following  year. 
Congress  authorized  an  appropriation  of  $8,000,000  and 
1928  the  contract  was  signed  with  this  company.  The 
first  ship  was  to  be  furnished  in  the  spring  of  1931  and 
the  second  was  to  be  finished  a  lear  latei'. 

The  Airship  Dock 
In  1929  an  airship  factory  and  dock  \\'as  completed  in 
Akron  to  house  the  ZRS-4  while  it  was  being  built.  It 
is  the  largest  structure  in  the  world  without  interioi' 
supports  and  will  house  a  dirigible  up  to  ten  million 
cubic  feet  capacity.  The  building  is  roughly  a  semi- 
paraboloid  in  shape,  that  is  to  say  that  sections  taken 
across  it  form  parabolas  and  its  longitudinal  section  also 
forms  two  parabolas  connected  by  a  straight  line.  The 
general  design  consists  of  eleven  arches  spaced  eighty 
feet  apart  connected  by  a  system  of  vertical  and  horizontal 
trusses.  These  arches  were  erected  with  three  hinges 
hut  after  the  dead  loads  were  on  they  were  converted 
to  the  two  hinged  type  by  riveting  the  lower  cord.  The 
doois  resemble  huge  orange  peels  and  are  constructed  in 
this  manner  to  reduce  wind  current  eddies  about  the 
ilock.  Proper  design  is  needed  in  this  respect  because  the 
most  difficult  part  of  airship  operation  is  taking  the  ship 
in  and  out  of  the  hangar  for  cross  currents  tend  to  brush 
it  against  the  shed  and  damage  it. 

The  Design-  of  the  ZRS-4 
The  ZRS-4  is  built  on  the  triple  layer  principal  of 
the  Zeppelin  type  ships  ha\'ing  ( 1 )  a  rigid  metal  frame 
work  to  withstand  the  major  stresses  from  the  loads 
carried,  lifting  gas  forces,  dynamic  and  aerodynamic 
forces;  (2)  gas  cells  within  to  retain  the  lifting  gas;  and 
(3)  a  taut  fabric  outer  cover,  doped  anti  nietalized. 
waterproofing  it,  protecting  it  against  the  elements,  re- 
flecting rather  than  absorbing  heat  and  offering  a  smooth 
flying  surface.  It  is  to  be  inflated  with  non-inflam- 
mable helium   gas  which   has  been   .ulopted   b\-   .Americans 


rather  than  the  inflammable  hydrogen.  That  hydrogen 
filled  ships  can  be  operated  safely  has  been  demonstrated 
by  Dr.  Hugo  Eckener  in  the  many  flights  of  the  Graf 
Zeppelin.  However  with  untrained  crews  and  untried 
designs,  the  risk  is  too  great  and  there  is  very  little  doubt 
but  that  helium  will  be  the  only  gas  used  for  dirigibles 
ui  the  future. 

The    use    of    this    gas    entails     the     following     losses. 
Helium  has  but  92.6  per  cent  of  the  lifting  capacity  of 
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luiirogen,  making  a  ship  the  size  of  the  ZRS-4  but  little 
greater  than  the  R-lOO  (5,000,000  cubic  feet).  This  dis- 
advantage is  in  a  measure  over  come  by  placing  the  en- 
gines inside  the  hull  to  cut  down  the  resistance  cau.sed 
by  the  ordinary  gondola  in  the  air  stream  and  additional 
lift  is  obtained  by  gearing  the  propellers  so  that  they  may 
be  directed  downward.  This  system  has  never  been  used 
before  with  hydrogen  because  the  fire  risk  has  been  great. 
The  power  plants  have  been  placed  outside  the  ship  in 
cars  attached  by  outriggers  so  as  to  supply  ample  ventila- 
tion and  prevent  the  possibility  of  a  spark  from  the  motors 
igniting  the  hydrogen.  It  is  evident  that  with  the  new 
system  the  airship  will  be  much  more  maneuverable 
than  with  propellers  acting  only  in  horizontal  direction. 
.As  the  ship  approaches  the  field  and  is  light  from  the 
consumption  of  fuel,  the  engines  will  be  pointed  toward 
the  ground  and  the  ship  will  come  slowly  down  to  be 
caught  by  the  ground  crew. 

With  helium  a  method  of  recovering  the  water  from 
the  engine  exhaust  is  needed.  When  hydrogen  is  used, 
gas  is  released  in  flight  as  the  ship  grows  lighter  from 
the  consumption  of  fuel.  Helium  is  much  too  expensive 
to  release  in  this  manner  so  that  means  must  be  found 
to  offset  this  loss  in  weight.  Two  methods  are  used  to 
accomplish  this.  The  (ilraf  Zeppelin  burns  "blau  gas," 
a  methane  gas,  which  has  the  same  specific  gravity  as  air 
in  its  engines  and  there  is  no  loss  of  weight  in  consump- 
tion of  fuel.  The  Americans  have  collected  water  from 
the  engine  exhaust  to  replace  the  loss  of  weight  due  to 
gasoline  consumption.  This  is  accomplished  by  a  con- 
denser made  of  long  tubes  placed  in  the  air  stream.  In 
the  Los  .Angeles  where  this  system  has  been  perfected  the 
(Conlinui'J  on  Poo,-  20) 
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Our  Attitude  Towards  Military  Training 

The  perennial  controversy  between  youthful  mili- 
tarists and  pacifists  is  once  more  in  full  bloom.  And 
as  usual  most  of  the  controversy  is  quite  beside  the  point. 
The  pacifist  is  almost  always  far  too  ideal;  the  militarist 
too  narrow-minded  and  imperialistic.  The  real  issue, 
however,  is  more  personal  than  either  of  these  two  classes 
would  have  us  believe. 

Among  things  we  have  picked  up  in  four  years  of 
college  is  the  realization  that  few  wars  right  wrongs, 
that  victory  is  on  the  side  of  might,  and  that  most  wars 
could  have  been  avoided  by  the  use  of  a  little  more  in- 
telligence at  the  right  time.  And  from  a  dozen  films  we 
have  seen  that  while  the  dolce  part  of  the  pro  patria  mori 
phrase  might  have  been  applicable  in  the  days  of  knightly 
combat  it  is  hopelessly  inapplicable  today,  where  the 
enemy  is  not  one  against  whom  one  can  match  one's  skill, 
but  only  a  blind  piece  of  shrapnel  which  will  tear  off 
the  leg  or  rip  the  chest  of  a  mighty  fighter  and  a  tremb- 
ling coward  with  equal  ease.  Most  of  us  are  fairly  glad 
to  be  alive,  too,  and  recall  that  a  good  many  years  ago 
Solomon  made  a  remark  about  live  dogs  and  dead  lions. 

Another  thought  that  is  hard  to  shake  off  is  the  con- 
ceit (which  in  technically  trained  men  can  hardly  be 
called  conceit)  that  we  are  worth  more  to  our  homes  and 
the  world  when  we  are  excavating  for  a  building  than 
when  we  are  digging  a  hole  to  dodge  bullets  in.  We 
remember  that  19-year-old  scientist  who  fell  on  the 
eastern  front  during  the  war — he  had  already  learned 
more  about  molecular  structure  than  had  ever  been 
known  before — and  wonder  if  he  might  not  have  con- 
tributed to  a  far  greater  degree  to  the  peace  and  safety 
and  comfort  of  the  world  if  his  government  had  used  one 
iota  of  common  sense  and  sent  him  back  to  his  labora- 
tory instead  of  giving  him  a  gun. 

And  now,  as  the  legions  of  irate  cadets  mass  foi' 
attack  on  our  editorial  strong  point,  we  hasten  to  assure 
them  that  no  warfare  is  necessary.  Nobody  but  a  fool 
thinks  that  wars  have  been  relegated  to  the  past.  No- 
body, including  the  fools,  thinks  that  any  government 
will  ever  use  any  sense  after  a  war  is  declared.  And 
since  the  world  we  live  in,  rather  than  the  world  we 
might  like  to  live  in,  is  the  one  with  which  we  have  to 
deal,  the  fact  remains  that  each  of  us  may  find  himself 
some  day  involved  in  war. 

It  behooves  us,  then,  to  be  as  well  prepared  for  that 


eventuality  as  possible.  From  either  a  national  or  a  cos- 
mopolitan viewpoint,  a  short  war  is  a  good  war.  And  a 
short  war  means  adequate  preparedness — trained  men  who 
can  spring  into  action  at  the  first  call;  trained  technical 
men,  who  can  put  their  engineering  to  this  emergency 
use ;  trained  leaders,  who  can  not  only  do  things  themselves 
but  can  guide  others  in  the  doing  of  them.  This  in  turn 
means  only  one  thing;  military  training  in  the  universi- 
ties. For  it  is  in  the  universities  that  the  best  leaders 
can  be  found,  and  it  is  during  the  university  period  of  life 
that  these  leaders  have  the  most  time  to  devote  to  this 
training. 

Dwellers  in  bottom-lands  risk  occasional  inundations 
in  exchange  for  the  great  returns  on  the  fertile  lands 
they  cultivate ;  they  have  learned  that  building  them- 
selves flood  protection  systems  is  more  profitable  than 
running  away.  Just  so,  a  great  nation  cultivating  its 
colonies  and  its  foreign  commerce  runs  the  risk  of  occa- 
sional wars ;  and  here  an  adequate  war-protection  system 
is  of  more  value  than  retirement  in  times  of  crises. 
On  with  the  parade ! 


Economics  For  Engineers 

The  recent  talk  of  Mr.  Frank  T.  Sheets,  Chief  High- 
way Engineer  of  Illinois  Division  of  Highways,  brings 
\-ividly  to  the  minds  of  student  engineers  the  growing 
need  for  a  suitable  course  in  economics,  designed  for  en- 
gineering requirements  as  related  to  basic  economic 
theories  and  practices. 

At  present  there  is  no  course  in  economics  open  to 
engineers  other  than  those  to  be  reached  by  first  wading 
through  an  utterly  impractical  introduction  to  economics, 
intended  for  students  who  have  the  time  and  opportunity 
to  delve  more  deeply  into  the  subject.  An  engineer,  no 
matter  what  his  course  may  be,  has  neither  the  time  nor 
the  inclination  to  make  a  detailed  study  of  economics  but 
the  continually  widening  fields  of  all  branches  of  en- 
gineering activity  demand  a  general  grasp  of  economic 
realities. 

Our  engineering  faculty  contains  several  men  fully 
capable  of  teaching  such  a  course;  surely  suitable  text- 
books are  available ;  engineers,  student  or  practicing, 
heartily  welcome  new  and  practical  courses  like  this  one; 
why  not  therefore  keep  in  step  with  the  times  and  ofifer 
"Economics  for  Engineers?"  J.  R.  Webb  '31. 
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On  a  Previous  Editorial 

The  man  who  said  nobody  reads  editorials  was  all 
wrong.  After  our  November  issue  came  from  the  press 
with  "Some  Suggestions  for  an  Improved  Curriculum" 
we  spent  several  interesting  days  dodging  faculty  mem- 
bers. 

And  after  reading  this  editorial  ourselves,  we  came  to 
the  conclusion  that  some  of  the  growls  artd  dirty  looks 
were  quite  justified.  For  example,  it  was  stated  that  in 
the  highway  course  "the  repaving  of  Wright  street  was 
scarcely  mentioned,  tho'.igh  costs  of  hypothetical  jobs  were 
figured." 

It  should  be  said  that  this  project  teas  figured  in  the 
senior  classes  in  highway  construction,  and  that  these 
classes  also  do  considerable  investigation  of  local  traffic 
problems  in  a  very  practical  way.  The  reference  was  to 
the  junior  classes,  and  in  particular  to  those  classes  in 
which  the  students  are  electing  options  which  prevent 
their  taking  any  more  highway  courses.  It  still  seems 
to  us  that  they  might  have  benefitted  by  some  such  in- 
vestigation. 

It  should  also  be  said  that  a  two  weeks'  investigation 
of  arc-welding  design  has  been  included  in  the  senior 
design  course  this  year  for  the  first  time.  This  is  a  valu- 
able addition  to  the  course  and  we  are  grateful. 

However,  we  still  stand  by  our  guns.  Courses  must 
be  as  practical  as  they  can  be  made,  and  every  advantage 
which  can  be  taken  of  local  work  should  be  taken.  Even 
a  short  inspection  trip  might  be  made  during  the  junior 
year.  It  might  aid  an  uncertain  student  in  choosing  his 
option  and  his  electives  for  the  next  two  semesters. 

We  are  glad  to  make  the  above  correction,  and  hope 
that  any  future  misstatements  or  misleading  statements 
will  also  be  called  to  our  attention. 


On  Learning  to  Talk 

A  member  of  the  engineering  faculty  digressed  from 
the  main  discussion  topic  the  other  day  and  spent  some  40 
minutes  in  a  talk  on  "learning  to  talk.  '  The  time  could 
not  have  been  better  spent. 

The  question  which  brought  forth  the  remarks  was 
"Are  we  held  for  these  big  words?"  The  questioner  was 
voicing  a  quite  general  query,  too.  In  the  next  few 
minutes  the  class  gathered  that  it  might  be  held  for  those 
big  words. 

We  Americans  have  a  very  pliable  language — it  can 
be  bent  to  serve  every  purpose.  If  a  new  need  arises, 
new  words  are  invented  to  take  care  of  that  need.  Most 
dictionaries  have  heavy  beards  when  they  come  ofT  the 
press. 

Out  of  all  this  store  of  words  only  an  insignificant 
few  find  their  way  into  daily  conversation.  It  is  said 
that  a  woman  can  get  along  on  a  vocabulary  of  2,000 — 
or  is  it  200? — words;  repetition  does  have  its  effect! 
Probably  the  laborer's  vocabulary  does  not  need  to  be  any 
larger  than  this.  But  with  professional  men  a  large 
vocabulary  should  be  a  matter  of  pride. 

This  does  not  mean  that  "thinking"  must  become 
"ratiocination"  or  "cogitation."  A  sufTicient  vocabulary 
is  one  which  has  a  fitting  word  for  every  place.  "Think- 
ing" is  a  word  which  fits — it  has  the  added  advantage 
of  being  easier  to  say  and  more  generally  understood,  (^n 
the  other  hand,  there  is  no  reason  for  shrinking  from 
using  a  word  because  it  is  four  or  five  syllables  in  length. 
If  it  is  the  word  for  the  place  it  should  be  used — and  if 
the  listener  does  not  understand,  he  is  the  one  to  be  em- 
barrassed, not  the  speaker. 

Precise  language  is  delightful  to  hear.  Its  use  makes 
for  increased  self-respect.    It  straightens  out  our  thoughts 


and  makes  them  definite.     It  gets  us  what  we  want.     It 
is  one  mark  of  a  cultured  man. 

The  dictionary  is  not  a  Decameron,  that  one  should 
blush  when  caught  stealing  a  glance  at  its  pages.  It  is 
rather  a  practical  handbook  for  every  day  use,  which 
should  not  require  dusting  along  with  the  family  Bible. 
And  second  only  to  lawyers,  perhaps,  engineers  should 
be  masters  of  speech — which  means  that  they  should  use 
this  handbook  diligentlv. 


The  Engineering  Cotincil 

An  inquiring  reporter,  we  imagine,  would  have  to  put 
the  question  "What  is  the  engineering  council?"  to  many 
a  passerby  before  he  would  xeceive  an  intelligent  answer. 
And  small  wonder,  for  the  poor  Illini  are  befuddled 
enough  remembering  those  hundred  and  one  organiza- 
tions which  do  function,  without  bothering  their  brains 
about  one  which  simply  exists. 

There  is  on  the  campus,  however,  an  engineering 
council,  composed  of  the  presidents  of  the  various  en- 
gineering organizations  and  one  or  two  other  students 
and  some  faculty  members,  which  lives  and  moves  and 
has  its  being — barely.  We  believe  that  with  the  new 
university  administration,  which  has  gone  on  record  as 
quite  favorable  to  student  activity,  this  council  has  a 
possibility. 

What  could  it  do? 

It  occurs  to  us  first  that  the  engineering  council  is 
the  proper  organization  to  sponsor  some  sort  of  St.  Pat's 
day  celebration,  such  as  we  described  in  our  November 
issue.  There  would  be  time,  if  it  would  begin  action  at 
once,  to  arrange  a  very  attractive  program  for  the  17th 
of  March. 

Various  departmental  clubs  bring  speakers  of  national 
repute  to  the  campus  from  time  to  time.  It  would  be  in- 
teresting to  see  what  an  engineering  council  could  do  in 
the  way  of  arranging  a  .series  of  lectures  which  would 
be  of  interest  to  the  undergraduate  body  as  a  whole.  It 
might  even  be  possible  that  some  sort  of  scheme  could  be 
worked  out  in  a  year  or  two  on  the  order  of  the  freshman 
lecture — a  sort  of  continuation  of  that  course  —  with 
nationally  known  men  for  speakers.  If  engineering  stu- 
dents are  interested  in  having  such  a  course,  the  request 
for  it  and  general  outline  of  what  is  desired  might 
properly  come  from  the  Engineering  Council. 

Despite  the  opinions  of  the  Loaf  Around  and  Sleep 
school,  if  an  engineering  council  arranged  one  or  even 
several  social  functions  on  the  order  of  the  present  Union 
dances,  we  imagine  some  few  boys  might  straggle  out  and 
attend. 

Other  uses  of  the  council  would  suggest  themselves 
rapidly  once  it  began  to  function. 


Once  Again  Mr.  Schaefer 

With  vacation  in  the  offing  it  would  be  a  fine  thing 
for  engineering  students  to  cast  about  them  for  a  subject 
and  make  plans  for  spending  some  of  their  leisure  time  in 
preparing  an  e.ssay  for  the  Schaefer  contest.  We  can  think 
of  no  better  practice  in  technical  writing  than  this  com- 
petition affords. 

The  rules  have  been  printed  in  the  October  Techono- 
graph,  and  copies  may  be  seen  on  the  bulletin  board  or 
obtained  in  the  office  of  the  school  of  engineering.  An 
example  of  the  type  of  article  satisfactory  for  the  contest 
is  the  contribution  in  the  current  i.ssue  entitled  "Pumping 
Gas — Foundation  Problems  of  a  Substation,"  though  this 
is  somewhat  longer  than  specified. 

The  Technograph  will  publish  the  winning  contribu- 
tions in  its  spring  issues. 
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Ci>il  l-'-niiinccrins* 

llisliest  honors  of  the  recent  election  to 
find  the  senior  C.  E.  most  likely  to  succeed 
were  carried  off  jointly  by  L.  P.  Murphy 
:ind  James  F.  Chandler.  Both  men  al- 
ready have  had  no  small  share  of  success 
in  the  enijineerinf;  field. 

James  F.  Chandler  worked  for  five 
vcars  on  the  Ohio  river  for  the  War  De- 
partment in  the  capacity  of  instrument 
man.  draftsman  and  inspector;  also  he 
has  worked  for  the  War  Department  every 
summer  since  entering  the  I'niversity  in 
1927.  Mr.  Chandler  is  a  member  of  Phi 
Kta  Sisma.  Chi  Epsilon,  Mu  San  and 
Theta  Tau. 

Lawrence  P.  Murph\  is  a  man  of  ivide 
and  varied  experience.  Before  he  entered 
the  I'niversity  of  Illinois  he  had  worked 
for  a  glass  factory,  a  zinc  smelter,  a  con- 
crete contractor,  several  automobile  fac- 
tories in  Detroit,  and  had  worked  three 
vears  in  a  coal  mine  in  southern  Illinois. 
Mr.  Murphy  stayed  out  of  the  Cniversity 
one  year  since  entering,  during  which  time 
he  was  an  assistant  engineer  for  the  V. 
S.  War  Departinciit,  working  on  the  (iulf 
to  Great  Lakes  Waterway  and  had  charge 
of  from  thirty  to  fort\  men,  a  <|uarter 
boat    and    a    steamboat. 

Mr.  Murphy  is  a  man  who  has  made 
great  use  of  his  summer  vacations,  work- 
ing one  summer  in  a  coal  mine,  the  next 
as  senior  draftsman  for  the  War  Depart- 
ment, and  the  last  one,  in  charge  of  all 
field  work  for  the  U.  S,  War  Department 
on  the  Illinois  river.  In  view  of  the  past 
brilliant  records  of  these  two  men,  we  feel 
that  the  results  of  our  election  were  en- 
tirelv   justified. 

W.  M.  Phillips  wins  the  title  of  most 
handsome  senior  C.  F. — Illiiii    I.  S.  C.  F. 


made  of  testing  towers  which  arc  in  the 
M.  E.  Lab.  On  November  26  several  men 
came  down  from  Chicago  to  help  in  the 
studies. 


Chi  Epsilon  began  the  >ear  with  thirteen 
active  members  and  now  has  six  pledges 
who  are:  W.  E.  Bohn,  W.  R.  Fickett. 
Mvron  Herzog,  J.  C.  Griffith,  C.  V. 
Kring  and   .^bran   Sears. 


Mechanical  Engineerini* 

.'\n  annual  meeting  of  the  .\.  S.  M.  E. 
was  held  in  New  York  December  4-6. 
J.  C.  Reed  and  E.  E.  Ambrosins  pre- 
sented a  paper  before  the  .■\merican 
Societv  of  Refrigerating  Engineers  in  New 
York  on  December  +.  Prof.  .\.  C.  Wil- 
lard,  Prof.  A.  P.  Krat/  and  Mr.  S.  Konzo 
are  to  attend  the  National  Warm  .\\v 
Heating  Association  meeting  at  Columbus, 
Ohio.  December  2  and  3.  Dr.  James  L. 
Tvron.  director  of  admissions  at  the 
Massachusetts  Institute  of  Technology, 
was  at  the  university  November  15  to  see 
those  students  who  might  want  to  transfer 
to  the  Massachusetts  Institute  of  Tech- 
nology. The  Technology  Club  gave  a 
dinner  for  Dr.  Trvon  at  the  rniversit\ 
Club. 

There  has  been  set  up  a  model  of  the 
Chicago    Subway    and    studies    arc    being 


r.  and  A.  M.  Department 

Professor  Herbert  Fisher  Moore,  of  the 
department  of  theoretical  and  applied  me- 
chanics, was  the  guest  of  honor  at  a 
dinner  given  by  the  department,  on  the 
evening  of  November  3,  in  Bradley  hall. 
The  affair  was  in  recognition  of  his  work 
(lone  on  the  fatigue  of  metals  and  in  cele- 
bration of  the  awarding  to  him  of  the 
1930  American  Iron  and  Steel  institute 
medal. 

Last  fall  at  the  annual  meeting  of  tin- 
institute  in  Ne\v  ^ork,  a  paper,  "Fatigue 
of  Metals,"  by  Professor  Moore  was  read. 
The  paper  is  a  review  of  the  progress 
made  during  the  last  decade.  On  Octo- 
ber 24  he  was  presented  with  the  medal 
at  a  meeting  of  the  American  Iron  and 
Steel  institute  held  in  New  York.  He  is 
the  second  person  to  receive  this  award, 
the  late  Dr.  Elmer  .■\.  Sperry,  inventor  of 
the  gyroscopic  stabilizer,  being  awarded 
the  first  institute  inedal  in  1929. 

•.\  man  of  ingenuity,  insight,  imagina- 
tion, energy,  initiative,  industry,  and  re- 
sourcefulness," were  the  words  used  b> 
Professor  A.  N.  Talbot,  professor  emeritus 
of  the  department  of  theoretical  and  ap- 
plied mechanics,  who  spoke  on  Dr.  Moore's 
work  in  research.  "He  is  an  inventor,  a 
churchman,  lecturer,  writer,  teacher, 
dramatist,  and  the  fond  interest  in  his 
family  make  his  a  well-rounded  and 
pleasant  life.  His  versatility  makes  him 
a   gieat  man." 

Professor  E.  C.  Baldwin,  of  the  depart- 
ment of  English,  commented  upon  his  ac- 
tivities on  the  campus,  and  characterized 
him  as  "having  the  kindliest  of  natures 
and  a  mild  sort  of  humor."  According  to 
the  Rev.  M.  T.  Kennedv  of  the  First 
Congregational  church.  Champaign,  Pro- 
fessor Moore's  religions  interests  are  "will- 
ful, cheerful,   and   splendid." 

In  describing  the  relationship  between 
Dr.  Moore  and  the  students.  Professor 
John  Goff  of  the  department  of  me- 
chanical engineering,  said,  "He  alwavs 
had  kindly  advice  to  offer,  and  showed 
interest  in  the  work  of  students. " 

In  response.  Professor  Moore  said  that 
the  inventions  with  which  he  had  been 
connected  was  the  composite  work  ol 
manv,  not  one  man.  In  conclusion.  Dr. 
Moore  said,  "I  am  going  to  take  the  ad- 
vice of  the  pastor  and  cultivate  a  be- 
lieving attitude  so  that  I  mav  try  to  be- 
lieve all  the  good  things  about  me  to- 
night." 

Eightv-six  members  of  the  faculty  of  the 
College  of  Engineering  were  present  at  the 
diimer.  Professor  M.  L.  Enger,  head  ol 
the  department  of  theoretical  and  applie<l 
mechanics,  was  in  charge  of  the  dinner 
and  acted  as  toastmaster. — Daily  lllini. 


Mining  Engineerino 

.\.  L.  Barrett,  min.e.  '30,  is  with  the 
Pittsburgh  Coal  Co.  at  Library,  Peiuis>l- 
vania. 

Walter  W.  .\nderson,  min.e.  '30,  is  in- 
stalling a  control  laboratory  for  the  Com- 
mercial Testing  and  Engineering  Com- 
pany at  C;ien  Rogers,  West  Virginia.  This 
laboratory  will  sample  and  analyze  all 
cars  leaving  the  mine  and  in  addition 
will  make  analyses  of  mine  air,  etc. 

Prof.  A.  C.  Callen,  C.  W.  Smith,  D.  R. 
.Mitchell  and  H.  P.  Nicholson,  all  of  the 
staff  of  Mining  Engineering,  attended  the 
fall  meeting  of  the  Illinois  Mining  In- 
stitute at  Centralia  on  October  31.  Prof. 
Callen  was  president  of  the  institute  dur- 
ing the  vear  1930. 

C.  \\  Borror,  min.e.  '26,  with  the 
Canadian  Johns  Manville,  visited  Urbana 
on  his  vacation  during  the  fall.  He  is 
superintendent  of  an  asbestos  mine  at 
.Asbestos,    Quebec. 

Homecoming  visitors  at  the  office  of  the 
Mining  Engineering  department  were:  L. 
I.  Westenhauer  '18,  P.  N.  Ferguson  '23, 
C.  y.  Stephens  '26,  Franklin  Swain  '28, 
E.  i.  Bottomley  '28  and  wife  and  W.  I.. 
Lindsev    '28    and    wife. 


Ereshman  Lecture 

The  subject  of  Prof.  Young's  lecture 
was  China.  He  showed  slides  that  de- 
picted the  primitive  and  also  the  modern 
methods  by  which  things  are  done  in 
China.  China  is  a  very  old  country  and 
is  known  in  history  as  early  as  3000  B.  C. 
One  of  its  great  problems  is  that  of 
language.  There  are  several  hundred  dif- 
ferent languages,  usually  a  different  one 
for  every  territory. 

Prof.  Young  showed  the  entire  process 
that  rice  goes  through  from  the  growing 
to  the  cooking  in  the  street.  The  rice 
fields  are  flooded  to  a  depth  of  about  two 
or  three  inches  and  as  soon  as  the  heads 
show  above  the  water  the  rice  thinned. 
This  process  is  called  "toeing."  In  this 
process  the  men  pull  the  plants  up  by  the 
roots  and  put  them  where  the  field  is 
thin.  The  rice  is  threshed  by  throwing 
it  in  the  air  and  allowing  the  chaff  to 
drift  away.  The  straw  is  used  for  pil- 
lows   and    making   baskets. 

.\nother  important  industry  is  raising 
mulberr\  leaves  for  silk  worms.  They  are 
carried  in  great  nets  nii  the  backs  of 
mules.  The  leaves  are  sorted  with  great 
care. 

Man  is  used  as  a  means  of  transporta- 
tion in  China.  Men  have  been  paid  as 
small  a  sum  as  two  cents  to  carry  a  dresser 
a  mile  and  half  and  yet  they  feel  well 
paid.  Some  of  them  use  wheelbarrows, 
carts,  and  passenger  rickshas.  Men  have 
been  known  to  travel  sixty  miles  a  day 
in  passenger  rickshas.  Besides  men,  mules 
and  camels  are  used  as  beasts  of  burden. 
Instead  of  having  congested  roads  they 
have  congested  rivers.  In  one  of  the  main 
water   highways   a   man    upset   his   "junk" 


Diamhcr.  IQjO 


THi:  TECHNOGRAFH 


17 


and  held  up  about  three  hundred  liDat^ 
for  three  davs  before  traffic  could  be  re- 
sumed. 

The  biggest  railroad  in  China  is  one 
that  is  controlled  by  the  government  and 
is  about  six  thousand  miles  long. 

Some  of  the  peculiar  professions  of 
China  are  soldiers,  priests,  and  monks  who 
make  their  living  by  trickery,  shopmen, 
story  tellers,  street  cobblers,  public  readers, 
public  writers  and  fortune  tellers. 

One  of  the  greatest  needs  in  China  now 
is  sanitation.  They  seem  to  have  no  idea 
of  sanitation  outside  of  the  large  cities. 

In  the  next  lecture  period  Professor 
Babbitt  gave  an  illustrated  lecture  on  his 
trip  around  the  world,  telling  particularly 
interesting  things  about  Japan,  China, 
.Australia  and  Java. 

"In  the  early  days  the  Japanese  had  a 
wide  knowledge  of  metals,"  he  said. 
There  are  several  huge  cast  iron  statues 
stil!  in  existence  that  were  made  in  300 
B.  C.  He  showed  a  view  of  one  that  was 
forty-seven  feet  high  and  hollow  so  that 
people  could  worship  inside  the  statue. 
The  Japanese  now  are  copying  large 
.'\merican  buildings.  .\  picture  of  the 
Mid  City  Building  of  Tokio  shows  it  to 
be  a  very  accurate  copy  of  the  Chase 
National  Bank  in  Philadelphia. 

He  showed  views  of  the  Great  Wall  of 
China  which  varies  in  thickness  from  ten 
to  one  hundred  feet  and  is  about  1300 
miles  long.  The  Chinese  liked  to  build 
marble  temples  as  well  as  boats  and 
images  for  worship.  Sanitation  is  very 
poor.  The  streets  are  quite  narro\v  and 
the  only  sewers  are  ditches  in  the  middle 
of  the  street.  .\\\  the  waste  is  dumped 
into  the  street. 

Other  pictures  showed  the  wonderful 
roads  that  have  been  built  in  the  moun- 
tains of  the  Philippines,  and  the  large 
bamboo  bridges  that  have  been  built  in 
Java.  Most  of  them  looked  like  spider 
webs  and  all  were  of  the  suspension  type. 

"In  Australia  the  people  take  great  in-  . 
terest  in  the  welfare  of  the  working  man." 
said    Professor    Babbitt.      The    large    con- 
struction   companies    build     very     modern 
and   permanent  homes  for  their  workmen. 


Railway  Engineerinij 

On  October  31  the  seniors  in  Railwav 
Mechanical  and  Railway  Electrical  En- 
gineering made  a  trip  to  Centralia,  Illi- 
nois, on  the  university  test  car.  The  route 
going  was  on  a  regular  passenger  train 
between  the  engine  and  the  first  car.  On 
the  return  trip  the  car  was  attached  to  an 
extra  freight  train  between  the  engine  and 
first  car  as  before.  The  train  was  made 
up  of  65  loaded  cars  totaling  4,200.  The 
object  of  the  trip  was  to  acquaint  stu- 
dents with  the  subject  of  train  resistance 
by  means  of  a  dynamometer  car.  A  con- 
tinuous record  was  taken  of  such  items  as 
speed,  drawbar  pull  of  the  locomotive,  the 
relative  time,  wind  velocity,  and  mile 
posts.  From  this  record  the  students  were 
able  to  calculate  train  resistance  at  vari- 
ous speeds  in  pounds  per  ton. 


Ceramic  Engineering 

I  he  .American  Ceramic  Societ\"  held  a 
most  successful  dinner  meeting  at  the 
Delta  Chi  house  on  Thursday,  November 
13th.  with  fifty  present.  C.  H.  German 
was  toastmaster.  President  Rapp  gave  a 
short  talk.  They  were  entertained  be- 
tween courses  by  a  pledge  quartet  from 
the  Delta  Chi  house.  Captain  Parsons  of 
the  Military  Department  was  the  main 
speaker  of  the  evening.  His  topic  was 
'Speakers." 


Electric  Engineerinij 

The  activities  of  Eta  Kappa  Nu  for  the 
current  year  have  been  confined  very 
largely  to  the  selection  of  new  members. 
These  men,  who  have  been  pledged  by 
Eta  Kappa  Xu  as  the  outstanding  upper- 
classmen  in  Electrical  Engineering,  are: 
F.  .\I.  Deerhake,  G.  H.  Fett,  T.  D.  Lowe, 
r.  A.  Harvev,  B.  Gollub,  H.  Cohenour,  D. 
L.  Pettit,  B.  Stevens,  G.  Aichele,  R.  L. 
Dowell,  F.  D.  Humm,  and  R.  Mac- 
Clinchie. 

Mr.  Robert  J.  West,  vice-president  of 
the  organization,  was  sent  by  the  chapter 
to  the  national  convention  held  at  Ames. 
Iowa,  on  November  1+th  and  15th. 


General 

Sigma  Phi  Delta,  Social-Professional 
Engineering,  held  its  annual  smoker  for 
freshmen  engineers  who  have  made  about 
a  four  point  average  or  better  for  the  first 
six  weeks,  on  Tuesday  evening,  Novem- 
ber  11th. 

Its  purpose  is  to  encourage  higher 
scholarship  in  the  College  of  Engineering 
by  acquainting  the  freshmen  with  the 
honorary  fraternities  of  the  different  de- 
partments and  to  present  them  with  a  goal 
toward  which  they  may  strive  throughout 
the   four  year  battle. 

The  presidents  of  the  various  honoraries 
spoke.  They  were  *  followed  by  Dean 
Jordan  as  the  principal  speaker.  D.  .\I. 
Brown  gave  two  vocal  selections  and  G. 
T.  Sands  played  his  xylophone.  Dough- 
nuts and  applies  topped  off  the  evening. 


lau  Nu  Tau.  honorary  professional 
military  engineers  fraternity,  initiated  27 
men  on  November  22nd.  Of  this  group, 
four  faculty  members  were  initiated  as 
honorary  and  23  junior  engineers  in  the 
advanced  corps,  as  active  members.  The 
new  honorary  members  are:  Professors 
Jamison  Vawter,  H.  E.  Babbitt,  J.  J. 
Dolan  and  Mr.  F.  W.  Stubbs,  all  of  whom 
are  members  of  the  Officers'  Reserve 
Corps. 

Tau  Nu  Tau's  new  chapters  at  Rose 
Poly  Tech  and  the  Michigan  School  of 
\lines  are  functioning  smoothly.  Plans  for 
further  expansion  are  being  considered  by 
the   local   mother  chapter. 

Dynamite  Places  Dam 

\  concrete  block  the  size  of  a  nine-story 
building  dropped  into  the  river  much  the 
same  as  a  cardboard  is  blown  in  a  storm 
it  is  reported  in  the  December  issue  of 
Popular  Science  Monthly.  Water  was 
thrown  several  hundred  feet  into  the  air, 
roaring  like   a  mighty  geyser. 

Thus  a  large  diverting  dam  was  placed 
in  position  in  a  single  operation  in  the 
Saguenay  River.  Canada.  It  is  considered 
one  of  the  most  daring  engineering  feats 
of  recent  times.  .After  months  of  prepara- 
tion the  job  was  completed  in  about  six 
secotids.  Models  were  made  of  the  large 
"plug."  The  "plug'"  was  a  large  obelisk 
ninety-two  feet  high,  forty  feet  wide  and 
forty-five  feet  thick  and  contained  5,500 
cubic  vards  of  concrete  weighing  11,000 
tons.  The  probable  falling  was  studied  by 
means  of  slow  motion  pictures  of  the 
models  as  they  dropped  into  place.  The 
"plug"'  landed  within  one  inch  of  its  ex- 
pected landing  place  which  shows  the 
thoroughness  and  accuracy  of  the  prelim- 
inary studies. 

\  subsidiary  of  an  aluminum  companv 
is  -"onstructing  a  large  hydroelectric  power 
plant  at  Chute-a-Caron  about  140  miles 
north   of   the   city   of   Quebec.      It   is   situ- 


ated in  a  gorge  in  a  rocky  section  of  the 
river.  It  was  necessary  to  excavate  a 
diverting  canal  into  which  the  river  was 
turned   in   time  of   low   flow-. 

It  was  found  impracticable  to  put  in 
timber  cribs  and  weight  them  down  with 
blocks  owing  to  the  depth  and  velocity  of 
the  water.  The  proposal,  in  brief,  was 
this:  "Build  a  large,  heavy,  reinforced 
concrete  obelisk  or  tower  of  the  proper 
length  on  a  concrete  pier  at  the  edge  of 
the  river,  at  a  convenient  place  upstream 
from  the  power  dam.  Mold  one  side  of 
this  obelisk  into  a  jagged  curve  so  as  to 
fit,  as  nearly  as  possible,  the  bottom  of 
the  river.  Blast  away  a  small  portion  of 
the  pier,  and  the  to%ver,  curved  side  down, 
will  tip  into  the  river  and  form  a  coffer 
dam." 

The  next  operation  was  to  excavate  the 
canal.  Tunnels  were  built  in  the  power 
dam  capable  of  carrying  50,000  cubic  feet 
of  water  per  second  under  the  power 
house.  Following  this,  the  staff  under  Mr. 
Rickey  made  designs  and  computations 
for  the  obelisk. 

The  construction  was  carried  out  on  top 
a  concrete  pier  one  part  of  which  was  a 
supporting  pier,  the  other  a  thin  pier  next 
to  the  river.  The  twenty-five  feet  of 
water  in  the  old  channel  formed  a 
cushion  for  the  falling  cobelisk.  .After 
everything  was  put  in  readiness  dyna- 
mite was  placed  in  the  thin  pier  and  it 
was  blown  away.  This  brought  down  the 
obelisk,  throwing  water  several  hundred 
feet  in  every  direction.  The  swift  current 
did  not  affect  the  obelisk  because  of  its 
great  weight  and  the  speed  of  its  fall. 
It  dropped  into  place  exactly  as  planned 
in  a  whole  and  sound  condition. 


"Why,  hello,  Pat.     I  hear  you  lost  your 
job   in   the   department   store.  " 

"Oh,  yes,   I   got  fired." 

"How  did  it  happen?" 

"I  took  a  sign  from  a   lady's  shirtwaist 
and   put  it  in   a   bath  tub." 
"Well,  what  did  it  say?" 

"How    would   vou   like  to   see   your  best 
girl    in    this    for   $2.75?" 

— The  rirffinia    Ticfi  Enijinrcr. 


My  wife  and  I  had  a  great  argument 
last  week.  She  wanted  a  roadster  and  I 
refused  to  buy  it,  as  I  contend,  a  closed 
car   is   more    practical." 

"Does  she  like  the  new  roadster?" 

— Tlic  Kansas  Engineir. 


Preacher  (who  is  visiting  home  for  first 
time):     How    high  can  you  count,  sonny? 

Little  Oscar:  One,  two,  three,  four, 
five,  six,  seven,  eight,  nine,  ten,  Jack, 
Queen,  King,  .Ace. 

— Thr     luhurn  Enginrcr. 


.A  landlord  wrote  to  his  tenant:  ""I  re- 
gret to  inform  you  that  mv  rent  is  much 
overdue.  Will  vou  kindlv  forward  me  a 
check  ?  " 

Back  (vent  the  replv:  "I  see  no  reason 
on  earth  why  I  should  pay  your  rent.  I 
can't  even  pay  mv  own." 

— The  Michiiian   Technie. 


"I  want  to  trade  this  roadster  for  a 
coupe." 

"What's  the  matter  with  it?" 

"Nothing,  only  I  quit  chewing  to- 
bacco." — If  abash   Caveman. 


"Mother,"  said  the  small  boy,  "do  they 
have   electric   plants   in   heaven?" 

"No,  dear,"   replied  the  mother,  "it   re- 
<|uires   engineers  to  build   electric   plants." 
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Quantity  production  of  equipment  has  long 
been  practiced  by  the  telephone  industry. 
Telephone  designers  years  ago  shut  the  door 
on  many  hybrid  styles— seeking  first  to  work 
out  instruments  which  could  best  transmit  the 
voice,  then  making  these  few  types  in  great 
quantities. 

This  standardixation  made  possible  concen- 
trated study  of  manufacturing  processes,  and 


steady  improvement  of  them.  For  example,  the 
production  of  15,000,000  switchboard  lamps 
a  year,  all  of  one  type,  led  to  the  development 
of  a  highly  special  machine  which  does  in  a 
few  minutes  what  once  took  an  hour. 

Manufacturing  engineers,  with  their  early 
start  in  applying  these  ideas,  have  been  able  to 
develop  methods  which  in  many  cases  have  be- 
come industrial  models.  The  opportunity  is  there  ! 


WESTERN    ELECTRIC 
keeps  it  locked  against  variations 
in  Manufacture     >^     ^     h     ^     .     .     . 


In  telephone  making  there  is  no  such 
thing  as  "near  enough."  When  a  type  of 
apparatus  is  decided  on,  it  is  up  to  Western 
Electric  manufacturing  engineers  to  pro- 
duce exact  replicas  by  the  thousand. 

To  this  end  they  have  developed  to  the 
wth  degree  methods  of  precision  manufac- 
ture. For  instance,  in  the  telephone  receiver 
there  is  a  tiny  gap  between  the  magnet  and 
the  iron  disc  which  transforms  electrical 
impulses  into  spoken  words.  In  millions  of 
receivers  this  space  never  varies  by  so  much 
as  the  thickness  of  a  bee's  wing! 

Keeping  the  door  lock-ed  against  minute 
variations  from  standard  —  which  could 
completely  destroy  the  efficiency 
of  Bell  System  service  — provides  .^—^ 

truly  fascinating  work. 


As  like  as  two  peas ' '  are  tiuo  —  or  two 
thousand — telephone  relays  o/" a  given  type. 
IVestern  Electric  men  work  steadily  toward 
the  ideal  of  absolute  uniformity  of  product. 


BELL      SYSTEM 


A      NATION-WIDE       SYSTEM       OF       INTER-CONNECTING       TELEPHONES 
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The  Navy's  New  Airship 

(Cnnliiiuid  from  Paije  Ij) 
coiuicnsers  cause  10  per  cent  of  the  total  resistance  of  the 
ship  to  passage  through  the  air.     In  the  ZRS-4  this  ap- 
paratus  is   placed    alonj:   the   side   and   creates   much    less 
drag. 

Since  the  engines  ha\e  been  iiut  in  the  hull  it  was 
necessary  to  make  structural  changes  from  ordinary 
Zeppelin  practice.     The  frame  of  the  Los  Angeles  con- 


l-'ii/uii-   2:      Cuiural   tityiiut   iij   iln[< 

si.sts  of  thirty-six-sided  main  rings  braced  by  wires 
stretched  between  all  possible  corners.  Between  these 
main  rings  there  are  two  light  intermediate  rings  to 
stiffen  the  longitudinals  which  run  from  the  nose  to  the 
tail  of  the  ship.  A  keel  extends  along  the  bottom  in 
which  the  gasoline  tanks,  ballast  bags  and  other  heavy 
loads  are  placed.  The  gas  bags  are  suspended  between 
these  main  rings  and  consist  of  cylindrical  containers  of 
silk  lined  with  "gold  beaters  skin."  the  lining  of  the 
intestines  of  cattle,  a  fabric  which  is  very  expensive  but 
for  which  no  substitute  has  yet  been  found.  The  ZRS-4 
has  12  of  these  cells  and  can  remain  aloft  with  several 
of  them  deflated. 

Evidently  if  the  engines  were  placed  within  the  hull 
as  contemplated  in  the  ZRS-4,  frame  work  similar  to  the 
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llrxv  llie  frame  is  put  together 


keel  structure  would  have  to  be  erected  to  house  these 
compartments.  For  this  reason  two  keels  are  placed 
half  way  up  the  side  and  a  non-wired  type  of  trussing  was 
adopted.      It  consists  of  three  concentric  rings  in  a  tri- 


angle with  the  vertex  toward  the  center  connected  b\ 
diagonals.  This  type  of  main  ring  but  without  the  keels 
was  also  used  in  the  R-101  and  proved  very  satisfactory. 
The  advantages  of  this  system  are  numerous.  A  better 
distribution  of  loads  is  affected  because  all  the  weight 
is  not  on  the  bottom  keel.  It  is  easier  to  build  quarters 
for  the  crew  along  the  side,  anil  a  compartment  for  air- 
planes can  be  put  in  one  cell  with  rigging  for  lowering 
the  airplanes  through  the  bottom  and  picking  them  up 
again  while  in  flight,  thus  increasing  the  scouting  value 
of  the  airship. 

Fr()<;ki:ss  ix  Coxstriction 

Completion  of  the  ship  is  contemplated  by  June  1931. 
All  of  the  major  frame  work  of  the  structure  has  now 
been  completed  with  the  exception  of  the  nose  and  the 
tail.  These  units  must  be  put  in  place,  the  outer  cover 
of  doped  and  aluminized  fabric  put  on  and  the  gas  cells 
must  be  rigged.  After  this  will  come  hangar  trials  to 
see  if  the  ship  will  fly  and  then  it  will  be  ready  to 
launch. 

The  main  rings  aie  assembled  in  a  star  shaped  jig  on 
file  floor  of  the  shed.  The  members  come  from  the 
factory  a  mile  away  approximately  cut  to  length,  are  as- 
sembled in  this  jig,  gusset  plates  are  fitted,  holes  are 
drilled  by  means  of  light  electric  drills,  the  rivets  are  in- 
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serted  and  are  clinchetl  by  means  of  an  iustiument  re- 
sembling long  handled  pliers.  These  rivets  are  heat 
treated  duralumin  and  remain  plastic  for  several  days 
after  treatment.  The  design  and  fabrication  of  joints 
for  the  ship  is  a  rather  complicated  task  for  the  members 
come  in  from  varying  angles.  This  requires  that  a  gus- 
set plate  be  designed  for  each  joint.  These  plates  are 
also  of  heat  treated  duralumin  bent  and  cut  to  the  de- 
sired angle  and  lightened  by  means  of  holes. 

After  the  main  rings  have  been  completed,  netting 
to  transit  the  loads  from  the  gas  bag  to  the  frame  is 
installed  and  the  ring  is  hoisted  up  alongside  that  part 
of  the  structure  which  has  already  been  completed.  To 
accurately  align  this  ring  it  is  put  on  what  might  be 
called  a  cradle.  On  the  top  of  scaffolding  a  triangular 
frame  work  is  placed,  at  the  vertex  of  which  is  a  steel 
point  resting  on  a  wooden  bearing  block  wired  to  the 
ring.  These  steel  points  are  accurately  laid  out  by  means 
of  a  transit  so  that  the  frame  will  be  perfectly  aligned. 
The  intermediate  rings  are  centered  in  the  same  way 
.md  longitudinals  are  riveted  to  these  frames  from  a  plat- 
form suspended  from  a  crane  at  the  roof  of  the  shed. 

The  girders  and  struts  composing  the  frame  of  the 
Mucture  are  built  up  of  duralumin  stampings.  They  are 
riveted   together   in   a   multitude   of   different   shapes   and 
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tonns  to  iiu-ct  the  desired  strcnsitlis.  A  typical  inter- 
mediate girder  is  shown  in  Fig.  4a  and  a  lower  longi- 
tudinal is  shown  in  Fig.  4b.  The  fittings  are  made  b\ 
means  of  gusset  plates  of  different  shapes  to  correspond 
to  the  angle  desired. 

The  major  portion  of  the  girders  are  of  sufficient 
rigidity  for  a  man  to  walk  upon  them  which  facilitates 
inspection  of  the  ship  by  the  crew  to  find  defects  in  the 
structure  or  in  the  gas  bags.  There  is  also  a  triangular 
gangway  at  the  top  of  the  structure  to  permit  access  to 
the  \alvcs  placed  in  the  top.  These  are  necessary  be- 
cause gas  must  often  be  released.  The  cells  are  not  com- 
pletely filled  at  the  beginning  of  a  flight  for  sufficient 
space  must  be  left  for  the  gas  to  expand  as  the  ship 
rises.  At  times,  however,  the  ship  will  go  over  the  height 
at  which  the  bags  are  full  and  gas  must  be  released. 

The  Future  of  the  Airship 
The  airship  will  be  used  in  the  future  both  for  mili- 
tary and  commercial  purposes.  At  the  beginning  of  the 
World  War  the  Zeppelins  were  built  both  for  the  (ler- 
man  army  and  for  the  navy.  At  first  they  were  success- 
ful in  both  fields  but  after  the  airplane  was  perfected  and 
guns  were  developed  they  were  abandoned  by  the  army. 
It  was  in  the  navy  that  they  made  their  great  success,  not 
in  raids  on  London,  which  was  but  part  of  their  work, 
but  in  scouting  and  patrol  duty.  It  is  said  that  the  en- 
tire German  fleet  would  have  been  lost  at  the  battle  of 
Jutland  if  the  Zeppelins  had  not  warned  of  an  approach- 
ing advance  of  the  English.  The  major  work  of  the 
Zeppelins  all  through  the  war  was  patrol  duty  over  the 
North  Sea.  They  were  particularly  \aluable  in  mine 
sweeping.  With  the  aid  of  surface  vessels  capable  of 
raising  the  mines,  the  Germans  could  dispose  of  them  as 
quickly  as  they  were  laid  by  the  British. 

It  is  to  scouting  and  patrol  duty  that  the  U.  S.  Navy 
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Nestor  Johnson  Flyers 

The  Greatest  Skate  Value  on  Earth 


A  genuine  JOHNSON  skate  with  the 
finest  Vanadium  tool  steel  runner  and 
ever>  JOHNSON  exclusive  feature.  Price 
only  $7.00  per  pair  with  shoes. 


THE  U.  of  I.  SUPPLY  STORE 

The  Co-op  On  1  he  Square  The  Co-Op 
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Dcpartnifiit  iiiteniis  to  put  the  ZRS-4.  It  has  a  inaxinuiiii 
raiiKi'  of  ten  thousand  miles  which  means  that  it  would  he 
able  to  convo\  a  transport  across  the  ocean  and  come  back 
without  retuelini;.  It  has  comfortable  quarters  for  the 
crew  and  with  tlie  airplanes  there  is  a  self  defense  against 
enemy  planes. 

For  military  purposes  strength  anti  safety  are  not  pri- 
mary considerations  but  in  commercial  use  they  are  para- 
mount. With  the  use  of  helium  in  airships  the  Americans 
belief  has  been  substantiated  by  the  fact  that  no  helium 
filled  ship  has  caujjht  fire.  The  point  now  in  question 
is  the  structural  strength  of  airships.  Structural  design 
is  on  a  much  better  basis  than  when  the  Shenendoah 
was  built  and  airships  can  be  built  to  stand  many  times 
the  loads  that  caused  its  destruction.  Airships  will  never 
be  built  to  stand  tornados  but  the  airship  because  of  its 
speed  and  range  should  be  able  to  avoid  such  storms. 

After  the  completion  of  the  ZRS-4  and  its  sistership, 
the  Cioodyear  Zeppelin  Co.  intends  to  build  commercial 
vessels  for  both  the  North  Atlantic  route  and  the  Cali- 
fornia-Hawaii route.  These  ships  \\-iIl  be  of  the  general 
dimensions  of  the  ZRS-4  and  it  is  planned  to  pro\i(ie  foi" 
one  lumdred  passengers. 

It  will  have  deck  area  of  12,000  square  feet  with  an 
average  of  over  70  square  feet  for  each  stateroom.  The 
promenade  decks  have  a  total  length  of  over  nine  hun- 
dred feet,  providing  ample  space  for  exercise  pf  the  pas- 
sengers. The  appointments  and  features  will  be  just  like 
any  modern  small  ocean  liner.  An  examination  of  the 
costs  of  such  services  will  show  that  the  airship  can  be 
operated  at  a  price  not  out  of  proportion  to  the  service 
it  gives.  If  we  consider  that  an  ocean  liner  may  cost 
twenty  million  dollars  and  will  carry  less  than  a  thou- 
sand passengers,  it  is  not  out  of  proportion  to  pay  a 
million  and  a  half  for  an  airship  that  will  carry  one  hun- 
dred passengers. 

It  is  hoped  that  the  airships  now  being  built  at  Akron 
will  be  a  success,  for  if  they  are  we  will  no  doubt  see 
airship  lines  imiting  America  with  both  its  Colonies  and 
Europe. 


Pumping  Gas 

(Continued  from   Pai/e  12) 

could  be  set  up  over  the  center  of  it  without  serious 
settling.  Then  it  was  quite  simple  to  turn  45°  and 
measure  the  exact  distance  to  one  center  line  while  the 
telescope  held  the  other  one.  Later  when  the  steel  columns 
of  the  tank  were  set  up  it  was  quite  a  relief  to  see  them 
all  line  up  perfectly. 

The  homes,  which  were  5-room  houses,  were  given 
to  the  maintenance  engineers  operating  the  plant.  The 
location  of  this  little  community  was  in  the  southwest 
corner  of  this  property,  in  a  wooded  section  and  a  very 
picturesque  spot  at  that.  The  specifications  required  that 
no  home  could  be  less  than  300'  from  the  22"  main  gas 
line  or  the  compressor  plant  as  a  precaution  of  safety. 
Only  those  trees  were  left  standing  which  would  resist 
the  strong  winds  and  which  were  either  in  the  flower 
bed  plot  or  around  the  buildings.  The  flower  bed  was 
held  in  by  a  12"  curb  above  the  gravel  driveway.  The 
cement  sidewalks  were  made  in  flagstones  of  various 
colors.  With  the  exception  of  the  two  sentinel  houses  at 
the  entrance  of  the  driveway  the  homes  were  located 
at  60°  angles  to  each  other.  All  electricity,  gas,  and  water 
was  supplied  to  these  homes  by  the  plant  and  all  modern 
conveniences  were  installed  and  no  rent  is  charged. 


The  Cover  Design — A  Roman  Aqueduct 

Present  day  methods  of  water-suppl\  have  made  it  ex- 
tremely unlikely  that  the  aqueducts  of  the  Roman  Em- 
pire will  ever  be  made  the  models  for  future  work,  but 
thev  exhibit  a  directness  of  purpose  and  an  adaptation  of 
means  to  an  end  that  is  both  instructive  and  sound  in  the 
light  of  structural  logic.  These  structures  achieve  a 
singularly  perfect  unity  of  expression,  thanks  to  the  care- 
ful subordination  of  every  feature  to  the  general  purpose 
and  effect.  These  great  works  which  to  our  modern 
eyes  are  among  the  most  picturesque  of  monuments  were 
to  those  who  built  them  merely  a  necessary  part  of  a 
great  engineering  project. 

The  Romans  were  acquainted  with  the  simple  hydro- 
static law  that  water  rises  to  its  own  level  in  pipes;  and 
Frontinus  writes  that  the  upper  rooms  of  houses  were 
supplied  by  "rising  mains":  the  same  principle  employed 
in  modern  water-supply.  However,  in  the  early  Roman 
times  pipes  could  be  made  only  of  lead  or  bronze,  both 
very  costly,  and  since  cast  iron  was  unknown,  they  found 
it  more  economical  to  construct  aqueducts  of  stone  or  of 
their  Roman  concrete,  faced  with  brick.  The  water 
channel,  having  a  slight  fall,  was  constructed  either  above 
or  below  the  ground  level  as  the  topography  demanded. 

A  study  of  the  aqueduct  systems  reveals  the  fact  that 
the  great  elevated  channels  were,  in  length,  but  a  small 
part  of  the  distance  through  which  the  water  was  guided. 
The  greater  part  of  its  travel  was,  in  most  of  the  aque- 
ducts, through  subterranean  mains  of  stone  or  terra 
cotta,  for  the  Roman  engineer  thought  nothing  of  tunnel- 
ing through  a  mountain,  a  distance  of  three  miles,  to 
create  a  more  direct  route  for  the  channel,  thereby  de- 
creasing considerably  the  amount  of  fall  necessary  and 
providing  a  greater  head  at  the  point  of  delivery. 

The  number  of  aqueducts  we  see  today  testify  to  the 
importance  which  the  Romans  attached  to  an  adequate 
water  supply.  This  luxury-loving  people  demanded  im- 
mense quantities  of  water  for  the  great  thermae,  for  the 
public  fountains,  and  for  the  domestic  supply  of  the  large 
population.  An  estimate  places  the  total  flow  at  three- 
hundred  and  fifty  million  gallons  of  water  daily. 

The  primitive  method  of  conducting  water  from  the 
mountains  to  the  city,  aloft  and  in  state,  instead  of  mean- 
ly in  a  subterranean  tube,  has  in  itself  an  indescribable 
charm.  No  doubt,  in  the  days  of  Imperial  Rome  one  of 
the  most  impressive  sights  in  the  Campagiia  must  have 
been  the  long,  level,  flights  of  majestic  arches  which  bore 
the  waters  of  the  hills  to  the  citizens  of  Rome.  The 
finest  Roman  aqueducts,  however,  are  in  Spain  and 
France.  One  of  them  is  at  Segovia  in  Spain  and  is  still 
in  use;  the  other  is  located  near  Nimes  in  southern 
France  and  is  called  in  modern  times  the  Pont  du  Gard. 
Each  orginally  supplied  a  Roman  city  in  the  conquered 
provinces. 

The  aqueduct  crossing  the  River  Gard  looks  as  if  it 
were  designed  for  effect.  In  building  this  aqueduct  the 
Romans  forgot  the  columnar  styles  of  architecture  and 
built  merely  tiers  of  arches  on  arches  until  they  obtained 
the  required  level  for  the  waterway.  The  piers  have  a 
large,  plain,  impost  moulding  from  which  the  springing 
of  the  arch  is  set  back  a  little  to  allow  a  support  for  the 
wooden  centering  frame  on  which  they  were  built.  The 
central  arch  the  widest,  has  a  span  of  eighty  feet  in  the 
clear.  The  "specus,"  or  channel,  crosses  at  a  height  of 
one-hundred  and  eighty  feet  above  the  river.  In  spite  of 
the  fact  that  the  craftsmanship  of  the  masons  was  precise 
enough  to  permit  of  the  masonry  being  laid  dry,  without 
the  use  of  mortar,  there  is  still  a  fine  sense  of  careless- 
ness about  the  irregular  wind-smoothed  stones. 

The  Pont  du  Gard  is  one  of  the  few  works  of  the 
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Romans  in  which  there  is  nothinji  of  academical  archi- 
tecture. The  enormous  piers  stand  firm  in  their  massive 
dignity,  and  like  a  procession  bearing  gifts  hold  above 
their  heads  the  free-flowing  supph  of  precious  water. 
()ne  great  idea,  and  that  idea  natural  and  appropriate 
to  the  initial  purpose,  permeates  the  whole  composition  ; 
and  whether  this  is  the  product  of  blind  economy  that 
could  not  add  a  \  ulgar  and  inessential  ornament  to  the 
structure,  or  of  a  superb  artistry  that  would  not,  there 
stands  the  finished  work,  harmonious,  enduring,  beauti- 
ful, and  absolute. 


E.  E.  Department  Is  Host  to  Convention 

The  University  of  Illinois  had  the  privilege  of  being 
liost  to  the  engineering  section,  Great  Lakes  division,  of 
the  National  Electric  Light  association,  when  that  body 
held  its  1930  fall  meeting  on  November  12-14  in  L^r- 
bana.  Approximately  175  engineers  from  various  public 
utility  companies  in  Illinois,  Indiana.  Michigan  and  Wis- 
consin were  present.  The  purpose  of  the  association  is 
to  discuss  the  different  problems  that  arise  in  connection 
with  public  utility  methods  and  practices  and  to  investi- 
gate which  are  the  more  effective. 

The  general  topic  of  the  meeting  was  "Power-System 
Insulation"  and  Mr.  A.  D.  Bailey,  chairman  of  the  en- 
gineering national  section  of  the  N.  E.  L.  A.,  opened  the 
session  with  a  brief  discussion  of  the  problems  involved. 

Many  outstanding  engineers  from  all  over  the  L  nited 
States  were  present  to  speak  at  the  meeting,  among  them 
being  Prof.  C.  F.  Harding,  head  of  the  electrical  en- 
gineering school  at  Purdue  university.  Dr.  H.  L.  Curtiss, 
chief  physicist  of  the  bureau  of  standards  at  Washing- 
ton, D.  C,  and  Mr.  D.  D.  Chase  of  the  General  Electric 
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RUBBER  INSULATED  WIRE  and  CABLE 

VARNISHED  CAMBRIC  WIRE  anoCABLE 

IMPREGNATED   PAPER  CABLE 
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An  organization  that  covers  many  fields 
H^v/  advances  in  refrigeration 


COMPANY, 


Now,  when  mechanical  refrigeration  stands  at 
the  dawn  of  a  new  era— frozen  foods,  low  tem- 
perature requirements-the  American  Engineer- 
ing Company  is  found  among  the  pioneers  in  the 
van  of  this  new  development.  As  manufacturer 
of  the  Taylor  Stoker, the  Lo-Hed  Hoist,  Juruick  re- 
frigerating machines  and  equipment  for  yachts, 
commercial  vessels  and  naval  craft,  this  com- 
pany has  been  designing  and  building  fme  ma- 
chinery for  more  thanseventy  years.  Now,  it  offers 
o    complete    line  of    refrigerating    equipment. 


ARA  MINGO      AVENIM;,       PHILADELPHIA 
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company  at  Schenectady,  New  York.  Mr.  L.  V.  Hickcr- 
iiall,  who  is  chairman  of  the  engineerinn  section,  (Ireat 
Lakes  division  of  the  N.  K.  L.  A.,  jjave  a  talk  on  "Factors 
Intluencinj;  f'ower-Systcm  Insulation."  The  Universits 
of  Illinois  was  represented  hy  Prof.  1",.  H.  Paine,  head  ot 
the  department  of  electrical  enijineerins;,  and  Prof.  j.  ( ). 
Kraehenhiiel  of  the  same  department. 

The  talk  given  by  Prof.  Paine  on  "Cable  Testing 
Methods"  was  exceptionally  interestinj;.  Since  the  re- 
seardi  work  in  connection  with  this  investigation  has  not 
been  completed  there  are  no  statements  ready  for  publica- 
tion, but  a  general  idea  of  the  work  being  carried  on  b\ 
Prof.  Paine  nia\'  be  obtained  from  the  following  state- 
ment which  was  released  through  his  office. 

"This  co-operative  investigation  was  begun  four  years 
ago  and  has  been  financed  by  the  Utilities  Research  com- 
mission of  Chicago,  Illinois.  The  object  of  the  investiga- 
tion is  to  develop,  if  possible,  better  methods  of  testing 
high  voltage  power  cables.  A  test  is  greatly  desired 
which  will  disclose  the  quality  of  the  cable  on  test. 

"It  has  been  assumed  that  deterioration  of  the  cable 
insulation  under  voltage  stress  is  accompanied  by  ioniza- 
tion discharges  within  the  composite  insulation.  The 
phenomena  of  ionization  have  been  studied  in  thin  gas 
films  and'  bvibbles  between  a  conductor  and  an  insulator 
and  also  between  two  insulating  surfaces.  Experiments 
have  been  made  with  corona  discharges  from  wires  under 
various  conditions.  The  aim  of  these  studies  has  been  to 
determine  which,  if  any,  of  the  phenomena  associated  with 
such  discharges  may  be  made  the  basis  of  satisfactory 
tests  on  actual  cables.  It  has  been  found  that  there  are 
abrupt  changes  of  current  during  ionization.  These  dis- 
turbances may  be  considered  as  surges  or  impulses  super- 
posed upon  the  charging  current.  This  effect  is  extremely 
small  when  compared  with  the  magnitude  of  the  charg- 
ing current  and  for  this  reason  such  discharges  are  not 
observable  in  an  oscillograph  record  of  a  cable  current 
taken  in  the  usual  manner.  Methods  have  been  developed 
for  balancing  the  cable  charging  current  and  for  amplify- 
ing and  rectifying  the  residual  discharge  currents  so  that 
their  average  value  may  be  determined  on  a  sensitive  in- 
dicating instrument. 

"A  discharge  detection  bridge  based  on  these  principles 
has  been  developed  and  has  been  used  in  tests  at  the 
University  and  also  at  the  high-voltage  laboratory  of  the 
Commonwealth  Edison  Company  in  Chicago.  This  work 
leads  to  the  conclusion  that  this  bridge  affords  a  reliable 
method  of  testing  the  thoroughness  of  impregnation  of 
cable  samples.  Much  additional  work  remains  before 
the  relation  between  ionization  discharges,  as  determined 
by  the  bridge,  and  quality  of  cable  under  voltage  and 
stress  may  be  determined. 

"Some  progress  has  been  made  to  develop  radio-fre- 
quency apparatus  whereby  the  location  along  a  cable 
sample  of  a  source  of  ionization  may  be  found.  The 
feasibility  of  detecting  ionization  from  mechanical  vibra- 
tion as  produced  by  ionization  has  been  studied." 


New  Members  to  Tau  Beta  F*i 

The  local  chapter  of  Tau  Beta  Pi,  national  honorary 
engineering  fraternity,  announces  the  pledging  of  twelve 
juniors  and  seniors.  The  initiation  was  Wednesday  after- 
noon, December  US,  at  the  Wesley  foundation,  and  was 
followed  by  a  banquet  at  the  Inman  hotel  that  e\ening. 

The  pledges  are  W.  P.  Jones,  Ci.  H.  Fett,  Don  John- 
stone, Melvin  M.  Culp,  F.  S.  Cooper,  J.  F.  Chandler,  H. 
D.  Imhoff,  F.  M.  Somers,  G.  W.  Pickels,  C.  M.  Mac- 
Kenzie,  J.  N.  Pirok,  and  C.  J.  Luckman. 


A  Simple  Device  to  I^ocatc  a  l^oint  on  Line 
Between  Pwo  ( ji\  en  Points 

L.  P.  Ml  uiMi'i   ',>! 

In  sounding  rivers  and  small  lakes  it  is  common 
practice  to  lay  out  range  lines  by  setting  a  flag  on  each 
bank,  taking  soundings  from  a  boat  while  running  be- 
tween the  flags,  and  intersecting  these  soundings  by  a 
transit  or  sextant.  The  accuracy  of  the  work  depends 
a  great  deal  upon  the  boatman's  keeping  his  boat  on  line. 

It  is  difficult  for  a  boatman  to  do  this  without  some 
means  of  lining  himself.     Where  the  banks  are  steep  and 


vegetation  close  to  the  water  it  is  expensive  to  cut  a  line 
back  far  enough  to  set  two  flags  on  line  with  the  op- 
posite bank  flag.  It  is  also  expensive  and  unsatisfactory 
to  keep  a  man  on  the  bank  to  wave  the  boatman  on  line. 

Primarily  for  this  purpose  the  Avriter  constructed  the 
device  shown  in  the  sketch  to  be  worn  by  the  boatman, 
which  gives  him  exact  control  of  his  location.  The  de- 
vice was  found  very  usefid  in  numerous  other  ways 
around  the  survey  work.  New  uses  were  continually 
being  found  for  it. 

The  device  is  made  up  of  two  mirrors  placed  at  right 
angles  to  each  other,  connected  to  a  miner's  cap  by  a  wire 
frame.  When  in  use  one  of  the  mirrors  falls  directly  in 
front  of  one  eye  of  the  boatman,  directing  the  line  of 
sight  back  past  the  side  of  his  head.  The  line  of  sight  J 
of  the  other  eye  is  ahead  and  parallel  to  the  back  line  I 
of  sight.  When  the  rear  flag  and  the  fore  flag  coincide 
or  one  is  directly  abo\e  the  other,  the  two  flags  and  the 
instrument  are  in  a  straight  line.  It  takes  a  little  practice 
in  order  to  accustom  the  eyes  to  work  together  in  this 
wa\-.  Those  who  can  not  use  both  eyes  may  use  one, 
and  by  nodding  the  head  slightly  look  first  in  the  mirrors 
and  then  under,  thereby  obtaining  the  same  results. 

In  constructing  this  device  great  care  must  be  taken 
to  see  that  the  mirrors  form  an  angle  of  exactly  90  de- 
grees. The  writer  found  it  difficult  to  do  this  by  instru- 
ments but  by  using  a  transit  to  lay  out  three  points  on  a 
line,  setting  the  mirrors  at  the  middle  point  and  adjust- 
ing them  so  the  two  remaining  points  coincide  the  job 
was  \erv  satisfactorilv  and  easily  done. 


Don't  forget  the  Sclmefer  essay  contest.  The  rules 
were  printed  in  the  October  Technograph,  and  are  posted 
on  the  bulletin  board  in  Engineering  hall.  There  is  no 
time  like  the  present  to  start  ivriting  your  articles. 


Dr  renin, -.  I 'J  JO 
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Civil  Engineering*  Research 

(Continuid  from  Paijr  7) 

OiK  of  the  important  stages  of  this  process  involves  the 
aeration  of  the  sewage.  The  methods  by  which  sewage 
may  be  aerated  include  air  diffusion,  mechanical  agita- 
tion, and  aspiration.  Air  diffusion  is  the  method  most 
commonly  used  in  the  United  States.  It  consists  of  blow- 
ing air  through  the  sewage,  keeping  the  sewage  in  con- 
tact with  air  bubbles  passing  through  the  mass  of  the 
liquid  for  periods  of  four  to  six  hours.  The  air  must  be 
washed,  compressed,  and  passctl  through  tlifluser  plates 
with  fine  pores,  the  plates  being  placed  at  the  bottom  of 
the  aerator  tanks.  The  construction  of  the  aerator  tanks 
and  the  washing  and  compressing  of  the  air  are  costly, 
and  the  power  consumed  is  a  large  item  in  operation. 
In  mechanical  agitation  the  surface  of  the  sewage  in  con- 
tact with  the  atmosphere  is  broken  by  paddles  or  other 
mechanical  means  exposing  rapidly  changing  films  of 
sewage  to  the  atmosphere.  This  method  does  away  with 
air  compressors,  diffuser  plates,  and  other  operating  dif- 
ficulties, and  requires  less  power  for  its  operation.  Be- 
cause the  aeration  tanks  must  be  shallow  and  a  large 
area  of  the  surface  of  the  sewage  must  be  exposed  to  the 
atmosphere,  the  amount  of  land  required  by  the  process 
is  large.  The  method  has  not  been  widely  used  in  the 
United  States.  The  aspiration  method  for  the  aeration 
of  sewage  has  not  been  tested,  nor  has  it  been  used  in 
practice.  In  the  process,  air  is  sucked  into  a  pipe  through 
which  sewage  is  flowing  at  a  high  \elocity,  resulting  in 
the  formation  of  fine  bubbles  evenly  diffused  throughout 
the  sewage.  The  advantages  and  disadvantages  of  the 
process  have  not  yet  been  demonstrated.  The  Civil  En- 
gineering Department  is  conducting  an  investigation  of 
the  aeration  of  sewage  by  aspiration  and  will  compare 
the  results  obtained  with  aeration  by  mechanical  means 
and  by  the  diffusion  of  air  bubbles  through  sewage.  This 
project  is  being  financed  by  the  Vogt  Brothers  Manu- 
facturing Company  and  is  under  the  dii'ection  of  Pro- 
fessor H.  E.  Babbitt.  Research  graduate  assistants  W. 
R.  Hildeman  who  graduated  at  the  University  of  Illi- 
nois and  G.  C.  Unger,  who  graduated  at  the  University 
of  Virginia,  are  conducting  the  investigation. 

LOAD  DISTRIBUTION  B  Y  TIMBER 
I'LOC^RS — When  a  heavy  load  is  placed  on  a  relatively 
small  area  of  a  floor  the  parts  of  the  floor  adjacent  to  the 
aiea  to  which  the  load  is  actually  applied  assist  in  carry- 
ing the  load.  A  concentrated  load,  so  called,  may  be 
applied  to  the  floor  of  a  highway  bridge  b\-  the  wheel 
of  a  motor  truck,  to  the  floor  of  a  factory  b\  the  base  of 
a  heavy  machine,  to  the  floor  of  an  office  building  or 
store  by  a  castor  of  a  safe,  or  to  the  floor  of  a  residence 
by  a  castor  of  a  piano  or  the  leg  of  a  sofa.  Before  an\' 
floor  which  is  to  carry  such  loads  can  be  designed  it  is 
necessary  to  deternu'nc  the  effective  width,  measured 
parallel  to  the  supports,  over  which  a  load  may  be  con- 
sidered as  uniformly  distributed  to  give  the  same  maxi- 
mum stresses  in  the  floor  as  given  by  the  actual  dis- 
tribution. Before  the  effective  width  can  be  computed 
it  is,  of  course,  necessary  to  determine  the  actual  dis- 
tribution. This  problem  is  being  investigated  for  the 
various  types  of  timber  floors  used  in  bridges  and  build- 
uigs.  In  this  work  the  university  is  being  given  financial 
assistance  and  technical  advice  by  the  National  Lumber 
Manufacturers  Association.  The  project  is  being  directed 
by  the  writer  and  W.  A.  Oliver,  Instructor  in  Civil 
Engineering,  research  graduate  assistant  Walter  Klet- 
ting,  a  graduate  of  the  Universit\-  of  Utah  and  L.  F. 
Buran,  a  graduate  of  Carnegie  Institute  of  Technology 
are  coiidLicting  the  investigation. 


Used  by  Leaders 
in  Every  Industry 

BAILEY  PRODUCTS,  already  so 
firmly  established  in  the  Central 
Station  Field  that  they  are  standard 
equipment  in  more  than  95'"^  of  the  up- 
to-date  plants,  are  now  being  used  more 
and  more  by  the  leaders  in  every  line 
of  industry — where  they  are  reducing 
the  losses,  improving  combustion  con- 
ditions and  providing  accurate,  reliable 
and  trustworthy  data  for  accounting 
systems. 

BAILEY   PRODUCTS 

Automatic  Control  Liquid  Level  Gages 

Boiler  Meters  Manometers 

Coal  Meters  Multi-Pointer  Gages 

Draft  Recorders  Pressure  Recorders 

Drainage  Controls  Pump  Controls  (Group) 

Feed  Water  Regulators   Pump  Governors 
Fluid  Meters  Selsyn  Operated  Gages 

Gas  Flow  Meters  Tachometers 

Gravity  Recorders  Temperature  Recorders 

V-Notch  Weir  Meters 

Bailey  Meter  Co. 

Cleveland,  Ohio 
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A  T.  U  M  N  I 

V  o  T  r  S 

Rexford  Newcomb,  arch.  'H,  has  just 
been  appointed  by  President  Duff  A. 
Abrams  '06,  of  the  American  Concrete 
Institute  on  a  committee  instructed  to 
draft  a  recommended  practice  for  the 
use  of  coh)r  in  concrete.  Newcomb  is 
well  known  for  this  work  and  writings 
on  the  general  subject  of  color  in  archi- 
tecture, having  been  for  the  past  eight 
years  consulting  colorist  for  the  Associated 
Tile  Manufacturers  of  America,  and  for 
the  Terra  Cotta  Service  bureau.  He  is 
the  only  architect  upon  the  committee,  the 
other  members  being  concrete  specialists 
and  color  manufacturers.  It  will  take  two 
or  three  years  to  complete  the  work  of 
the  committee. 

Arthur  T.  Norih,  c.e.  '8i,  runs  :i 
stimulating  department,  "The  Passing 
Show,"  in  the  new  U'lstrrn  Architect. 
The  section  is  devoted  to  his  interesting 
comments  on   current   architecture. 


Howard  A.  Ponzf.r,  c.e.  '29,  a  varsity 
trackman  while  in  the  I'niversity,  is  in 
engineeriTig  work  for  the  Portland  Cement 
company,   Chicago. 

Ci.ARK  Ci.  Anderson,  c.e.  '48,  is  now 
cashier  and  executive  officer  of  the  Fifth 
Avenue  Trust  and  Savings  bank.  Imme- 
diately after  graduation  he  took  up  civil 
engineering  practice  in  Peoria.  In  1905 
he  took  charge  of  the  engineering  depart- 
ment of  the  citv  of  Moline,  and  six  years 
later  was  elected  to  the  first  city  com- 
mission board  as  commissioner  of  public 
works. 

Anderson  has  two  sons  ^vho  are  also 
graduates  of  the  Illinois  engineering 
school.  His  oldest  son.  Clifford,  graduated 
in  electrical  engineering  five  years  ago 
and  is  now  with  I'nited  Light  &  Power 
at  Davenport.  His  youngest  son,  Curtis, 
graduated  in  railway  administration  from 
Illinois  last  June,  and  is  now  with  the 
Rock  Railway  at  Lawson,  Mo.,  on  rail- 
wav  construction. 


Mii.Ks  H.  Thomas,  c.e.  "27,  is  connected 
with  the  war  department  in  construction 
of  the  Illinois  waterways;  he  is  stationed 
at  Morris. 

Victor  L.  Opperman,  arch.  eng.  '30,  is 
in  the  contracting  business  at  Pontiac  with 
with  his  father  and  two  brothers. 

S.  W.  SiRATTON,  m.e.  '8+,  made  an  ad- 
dress installing  the  new  president  of 
Massachusetts  Institute  of  Technology 
which  is  printed  in  Scirncr  for  June  13. 
In  accordance  with  the  new  plan  at 
Massachusetts,  Or.  Stratton  becomes  chair- 
man of  the  corporation  and  Dr.  Karl  T. 
Compton,  president.  This  is  rather  new- 
idea  in  the  government  of  educational  in- 
stitutions. 


Arthur  Peabodv,  arch.  '82,  is  state 
architect  for  Wisconsin,  designer  of  the 
men's  dormitories  and  the  memorial  union 
building  at  the  I'niversity  of  Wisconsin. 
He  was  granted  the  honorary  degree  of 
I,I,.n.  b\    the   iiiii\(iMl\    jl  r.iMimencement. 


I  very    Hiundaii, 

.\vi:rv  Brundagk,  c.e.  '09,  big  shoulder- 
ed Chicago  contractor,  holds  the  honor 
of  being  the  first  man  in  history  to  carry 
the  presidencies  of  both  the  Amateur 
Athletic  Union  and  the  American  Olympic 
Association.  He  was  elected  by  a  unan- 
imous vote  to  the  latter  office  Novem- 
ber 27. 

Mr.  Brundage  was  outstanding  in 
athletics  at  the  University  and  at  the 
Olympic  games,  winning  the  title  of  all- 
around  track  and  field  champion,  and 
now,  in  his  early  forties,  can  hold  his  own 
with    the   best    in   the   countrv    at   handball. 


Francis  J.  Pi.vm,  arch.  '97,  is  head  of 
the  Kawncer  manufacturing  company  of 
Niles,  Michigan,  makers  of  a  patented 
store  front  and  of  several  kinds  of  metal 
window  frames.  Plym  was  secretary  of 
his  class  and  a  member  of  Alpha  Rho  Chi. 


W.  N.  Espy  '27,  of  the  mechanical  en- 
gineering department,  attended  the  na- 
tional convention  of  Tan  Beta  Pi,  honor- 
arv  engineering  fraternity,  the  week-end 
of  October  10  at  Lehigh  Cniversity, 
Bethlehem,    P.i. 


\'riiir  W.  HokKHR,  (er-.  '2+  writes 
about  the  "construction  and  operation  of 
special  diamond  core  drill  for  exploring 
shale  deposits,"  in  a  recent  bulletin  of  the 
.American  Ceramic  Society.  Boeker  is  a 
ceramic  engineer  in   Edwardsville,   111. 


Waiter  H.  Spixdler,  c.e.  '20  is  co- 
author of  the  "Handbook  of  Culvert  and 
Drainage  Practice"  for  engineers,  includ- 
ing 3  50  pages.  He  is  teihnical  publicity 
writer  for  the  Armco  Culvert  Manu- 
facturers association,  Middletown,  Ohio. 


H.  M.  Wbstergaard,  ph.d.  '16,  added 
another  to  his  collection  of  degrees  on 
September  30  when  he  journeyed  to  Le- 
high to  receive  an  honorary  doctorate, 
(iraduating  from  the  University  of  Copen- 
hagen in  1911,  he  received  his  ph.  d.  from 
Illinois  in  1916.  In  1914  he  received  the 
degree  of  doctor  of  engineering  from  the 
University  of  Munich,  (Jermany,  and  also 
from  his  original  Alma  Mater,  Copen- 
hagen. Westergaard  returned  this  fall 
from  Scandinavia,  where  he  and  his 
family  spent  the  summer.  He  was  on  a 
year's  leave  of  absence  carrying  on 
special  investigation  for  the  Boulder  Dam 
project  in  Colorado,  but  left  early  in  the 
summer  for  Europe. 


C.  W.  PICKEI.S,  c.e.  '11,  and  C.  C. 
WlI.EV,  C.e.  '10,  once  wrote  a  book  on  rail- 
road surveying  which  many  engineering 
mini  will  remember.  Since  then  the 
meaning  of  surveying  has  changed  some- 
what to  include  the  laying  out  of  concrete 
highways.  Accordingly  Pickets  and 
Wile\  have  rewritten  their  book,  chang- 
ing the  name  to  "Route  Surveying."  The 
new-  book  is  about  twice  the  size  of  the 
old.  .Among  the  suhiects  taken  up  are 
route  surveys,  parabolic  curves,  railroad 
turnouts  and  crossings,  spirals,  grades, 
etc.  The  authors  have  designed  the  book 
to  appeal  to  the  practicing  engineer  as 
well  as  to  the  student.  It  is  published  by 
John  Wiley  &   Sons. 

Charles  B.  Burdick,  m.  and  s.e.  '95, 
(^hicago,  contributes  to  the  Enijinrcrincj 
A'cof.t  Record  of  September  11  an  article, 
"Groundwater  as  a  Source  Supply."  Bur- 
dick is  a  consulting  engineer  specializing 
in  water  supply  and  its  problems.  The 
issue  of  the  Enginerrincj  Keius  Record 
containing  his  article  is  devoted  to  water 
supply   engineering. 


Gordon   T.   Bennett,   e.e.   '2S, 
Western   Electric   at  Cicero. 


ith 


I.aff:  "How  would  vou  classify  a  tele- 
phone girl?  Is  hers  a  profession  or  an 
occupation  ?" 

Terr:     "Neither — it's  a  calling." 

—  Texas   lonijliorn. 

ReinhoUl:  "Did  you  ever  meet  a  fellow- 
up  there  with  one  arm  named  Shipman?" 

Bell  (pondering):  "What  was  the  name 
of  the  other  arm?"  — Extlianne. 

Officer:  "Come  on,  budd>,  >ou  better 
take  a  taxi   home." 

Drunk:  "Sno  ushe,  m'wife  wouldn't 
let  me  keep  it  in  the  house  if  1  did." 

Passenger:  "Did  you  find  a  mil  of  $50 
under  my  pillow-  ?" 

Pullman  Porter:  "\as,  suh.  Thank 
vou,  suh."  - — Washington  Dirge. 
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The   world's    first    anti-friction    bearing 

locomotive — completely  Timken-equipped 

in    le.idinK    truck    %\heeK.    driving 

%\  heels,    trailer    w  heels,     tender    \\  heels, 

I,  sjieed  druer  of  \al\e  pilot  and 

contiol   governor 


TIMKEN  \-W  BEARING 
BQUIPPED 


Modern  Transportation 
Rolls  On  Timkens 

Swiftly  . . .  smoothly  . . .  silently  . . .  the  modern  train  'gathers  speed  or 
slows  to  a  stop  without  a  jar  or  jerk.  Looking  for  the  reason,  student 
engineers  find  Timken — the  same  bearing  that  has  licked  the  toughest 
jobs  throughout  all  Industry — the  most  powerful  weapon  available  to 
them  in  their  future  war  against  mechanical  waste  and  inefficiency. 

In  railroad  cars  Timkens  have  justified  their  use  and  proved  their 
supremacy  in  one  hundred  million  car  miles  of  travel  on  one  rail- 
road alone. 

And  why  not?  For  thirty  years  and  more,  Timken  Bearings  have 
reigned  supreme  over  friction ;  have  carried  not  one  type  of  load,  but 
a// loads — radial  and  thrust — measured  in  pounds  or  thousands  of  tons. 

In  the  air  and  on  the  water,  by  road  and  rail,  Timken  tapered  construc- 
tion and  Timken-made  steel  roll  on  to  new  triumphs — saving  power 
and  lubricant .  . .  promoting  dependability  . . .  assuring  extreme  econ- 
omy of  maintenance  with  supreme  defiance  of  depreciation. 

In  train  service  they  afford  the  luxury  of  smooth,  silent  travel,  with 
starting  resistance  reduced  88%. 

One  hundred  and  thirty-four  railroads  are  now  using  or  testing 
Timken  Bearings,  so  it  does  not  seem  a  far  cry  to  the  time  when 
all  transportation — passenger  cars,  freight  cars,  mine  cars,  motor 
trucks,  buses  and  motor  cars  will  be  traveling  totally  Timken  Bearing 
Equipped.  They  will  not  be  modern  unless  they  are.  The  Timken 
Roller  Bearing  Company,  Canton,  Ohio. 
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Fire  Tests  of  Welded  Steel 
Floor  Construction 

rile  Ndveiiihei  ivMie  <it  l''.MKiiiccriiig  aiul 
('omractiiif;  tells  us  that  a  research  project 
has  been  uiidcrtakcii  bv  the  l".  S.  Bureau 
of  Standards  in  co-operation  with  the 
American  Institute  of  Steel  Construction 
to  determine  the  fire  resistance  of  a  new 
type  of  welded  steel  floor  construction. 
The  following  details  are  \i\\-en  in  the 
Seplemlicr  Technical  News  Hiillctin  of 
the   bureau. 

The  structural  eleinents  of  this  type  of 
floor  consists  of  rolled  steel  beams, 
generally  3,  4,  or  5  inches  in  depth,  span- 
ning between  girders,  the  upper  flanges  of 
the  beams  lieing  welded  to  steel  plates 
generally  [4  inch  thick.  The  beams  are 
spaced  2  feet  apart,  the  steel  plate  serv- 
ing the  purpose  of  the  usual  floor  slab. 

Kirc  exposure  will  be  applied  to  the 
floors  from  below  in  most  tests  but  in  six 
tests  fire  exposure  from  above  will  be 
applied  by  burning  combustible  ma- 
terials, such  as  wood  and  paper  in 
amounts  from  10  to  40  pounds  per  s(|uare 
foot  of  floor  area.  \'arious  degrees  of  pTo- 
tection  will  be  gi\'en  the  upper  surface 
of  the  steel  plate  floor  for  these  tests, 
from  the  bare  plate  to  protections  of  2-inch 
thickness  of  light-weight  concrete. 

The  fire  exposure  from  belo\v  will  be 
obtained  with  a  gas  furnace  using  48 
horizontal  venturi-tube  induction  burners. 
The  protection  applied  to  the  beams  will 
vary  for  the  different  tests  from  a  ■'4"i"<^'i 
thickness  of  plaster  on  metal  lath  to  2- 
inch  gypsum  slabs,  hung  from  the  lower 
beam  flanges  to  form  a  suspended  ceiling. 
Three  tests  in  which  a  hose  stream  will  be 
applied  to  the  heated  floor  after  a  period 
of   fire  exposure  will   also  be  included. 

The  floors  will  be  supported  during 
test  within  a  heavy  steel  restraining 
frame,  and  superimposed  loads  of  4i  to 
IfiO  pounds  per  square  font  will  be  main- 
tained constant  during  the  fire  tests.  For 
some  tests  the  floor  connections  with  the 
restraining  frame  will  be  designed  to  give 
full  restraint  to  the  construction  during 
test,  and  for  others  the  ends  of  the  beams 
and  plates  will  be  freely  supported  with 
opportunity  for  expansion.  The  test  floors 
will  be  1   feet  long  and  13',/>  feet  wide. 


Instruction  School   for  Linemen 

We  read  in  the  September  issue  of  the 
Klectric  Railway  Journal  that  the  Cleve- 
land Railway  has  developed  an  effective 
method  of  training  its  employees.  If 
workmen  are  told  how  to  do  a  certain  job 
and  are  given  a  demonstration  on  a  model 
at  the  same  time  thev  are  better  able  to 
understand  the  problem.  .\  sinall  scale 
model  of  actual  overhead  construction  has 
been  erected  in  the  basement  of  the  line 
division  headuuarters  for  the  instruction 
of  linemen.  Poles,  feeder  cables,  span 
wires,  frogs  and  crossings  are  included  in 
the  model.  The  men  are  shown  how  to 
locate  switch  frogs  accurately,  the  proper 
method  of  making  various  ties,  the  location 
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reaks  or  grounds  in  telephone  circuits, 

other   iiuunnerable  items, 
he   systetn   of   line   maintenance   is   ex- 
ned  to  the  men  and  the  stages  at  which 
•rent   fittings  are  considered   \vorn  out 

shown    by    fittings    which    have    been 
i)ved   from  the  line.     The  expense   for 

materials  such  as  ears,  splicers,  frogs 

trolley    wire    has    been    reduced    con- 

rably  from   the   previous  year.     There 

a    decrease    of    3,020    ears    last    year. 


Is  the  Potter's  Wheel  Passing? 

We  read  in  the  October  issue  of 
Crriimic  .liji'  that  the  potter's  wheel  has 
kept  turning  through  the  pages  of  litera- 
ture since  man  first  inscribed  his  achieve- 
ments for  other  men  to  read.  From  Persia 
to  Rome,  from  England  to  America,  the 
potter's  wheel  has  stood  for  the  instruinent 
of  the  Cireat  Potter  as  he  created  life  and 
form.  Will  this  symbol  of  the  poet  pass 
into  the  limbo  of  forgotten  arts?  Or  will 
the  potter's  wheel  keep  turning,  down  the 
ages  ? 

Out  at  the  Cowan  Pottery  Studio  in 
Rocky  River,  Ohio,  there  stands  a  potter's 
wheel,  silent  and  still  except  when 
touched  by  the  deft  hands  of  Guy  Cowan 
or  of  one  of  his  assistants,  who  has  been 
a  potter  for  44  years,  and  whose  fore- 
fathers were  potters  in  England.  Only 
these  two,  of  the  many  potters  in  the 
studio,  know  the  way  of  the  forming 
wheel.  For  the  delicate  art-work  is  done 
by  casting,  an  English  clap  slip  being 
poured  into  the  plaster  moulds.  By  this 
means,  the  finest  slenderest  forms  can  be 
made — deer  with  branching  antlers, 
nymphs  with  lithe  arms  swung  aloft, 
herons  on  slim  legs,  and  swans  with  long 
curved  necks.  No  potter's  wheel  or  lathe 
could  cut  those  delicate  dancing  figures 
\\hich   poise  on   the  shelves. 

Many  poems  have  been  written  describ- 
ing creation  in  terms  of  the  pot  and  the 
potter.  The  most  well-known  stanzas  are 
those  of  the  Persian  poet,  Omar  Khay- 
yam, in  his  Rnbaiyat,  translated  by  Ed- 
ward Fitzgerald: 

"For  1    remember  stopping  by  the  wav 
To    watch    a    potter    thumping    his    wet 

clay ; 
And    with    its    all-obliterated    tongue 
It      niiirniured — 'Cently,     brother,     gentiv, 

pray.'  " 
.\nd   Longfellow    in    "Keramos": 
"Turn,  turn,  my  wheel!     Turn  round  and 
round, 
W'ithout  a   pause,  without  a  sound: 
So  spins  the  flying  world  away! 
This    clav,    well    mixed    with    marl    and 

sand, 
Follows  the  motion  of  my   hand  ; 
For    some    must    follow,    and    some    com- 
mand. 
Though   all   are  made  of  clay!" 
The  tune  of  the  potter's  wheel  is  d\ing 
out.     Soon   it  will  be  only  an  echo.     Will 
this    svmbol    of    life    in    the    making    pass 
with  the  spinning  wheel   into  the  attic  of 
forgotten  things? 


Reniodeling  of  Old  Buildings  by 
Brick  Veneering 

There  has  been  a  noticeable  slowing  up 
of  new  residential  building  the  last  year 
or  two,  and,  generally  speaking,  surveys 
made  from  many  reasonably  accurate 
building  interests  indicate  that  the  imme- 
diate future  may  be  expected  to  see  a 
continuance  of  this  trend.  Hard  times, 
due  to  the  general  unemployment  situa- 
tion, has  greatly  decreased  the  demand  for 
new  homes.  The  demand,  however,  for 
modern  living  conditions  continues  and 
will  continue  indefinitely.  A  demand  al- 
ways occasions  a  supply.  This  time  the 
brick  industry  has  advanced  a  feasible 
and  practical  plan  for  modernizing  obso- 
lele    buildings. 

t)ld  buildings  are  remodeled  and  given 
a  veneer  of  brick.  This  greatly  improves 
the  appearance  and  also  increases  the 
value  of  the  property.  Private  dwellings 
are  perhaps  the  biggest  field  for  this  work 
as  they  are  always  in  demand  and  this 
method  is  at  present  the  best  way  in 
which  the  obsolescence  problem  in  resi- 
dential buildings  may  be  met.  Very  large 
homes,  commonly  known  as  "White 
Elephants,"  may  be  made  over  into  at- 
tractive and  cozy  apartment  buildings. 
Old  factory  buildings,  churches,  and  the 
like  can  be  quickly  changed  from  an  eye- 
sore to  beautiful  and  profitable  buildings 
at  an  expense  very  much  less  than  that 
required   to   tear   down   and   build   over. 


New  Mystery  Plane 

Three  l^.  S.  inventors  have  completed  a 
"rotor  airplane,"  we  are  told  in  the  No- 
vember issue  of  Popular  Science  Monthly. 
This  strange  craft  without  wings  is  lifted 
b\"  means  of  metal  spools  two  feet  thick 
which  whirl  on  spindles.  It  is  secretly 
being  tested  in  New  York.  The  inventors 
claim  that  their  plane  can  lift  ten  times 
the  load  of  any  other  plane  of  equal 
weight  and  that  it  is  speedier  and  more 
economical  to  house. 

.\  standard  airplane  engine  with  a 
three-blade  propellor  pulls  the  wingless 
craft  forward  while  an  auxiliary  motor 
whirls  the  three  spdol-like  cylinders.  It 
works  on  the  same  principle  as  a  spinning 
baseball  curve.  The  "Magnus  Effect," 
named  after  its  CJerman  discoverer,  states 
that  a  cylinder  spinning  in  a  breeze  tends 
to  move  at  right  angles  to  the  breeze  be- 
cause of  the  unbalanced  pressure  it  creates. 

Flettner,  a  (ierman  engineer,  applied  the 
idea  to  his  "roter  ship"  when  he  sailed  to 
New  York  across  the  Atlantic.  The  power 
was  supplied  b\  two  tall  cylinders  re- 
voKing  in  a  crosswise  wind  by  means  of 
electric  motors.  The  two  tall  cylinders 
lowered  the  pressure  in  front  of  the  stacks 
and  increased  the  pressure  behind  the 
stacks  which  difference  in  pressure  caused 
the   ship  to  move. 

In  1910  and  l')2-1  ainr:ift  of  the  rotor 
type  were  built  witlioiil  much  iipparent 
success. 
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WHERE  THE  CHIMNEYS  LOOM 
LURKS  TIME,  THAT  TOUGH   OLD  TESTER 

Where  the  chimneys  of  industry  loom  black  asainst  the  sky.  Time, 
That  Toush  Old  Tester,  draws  his  deadliest  weapons.  With  acids 
and  alkalies,  with  shattering  vibration  and  ceaseless  strain,  he  here 
attacks  the  works  oF  man  with  greater  eagerness,  to  prove  how  long 
things  last. 

And  here,  amid  the  mightiest  of  Time's  destructive  forces,  you  will 
find  Reading  5-Point  Pipe  .  .  .  resisting  corrosive  gases  and  fluids 
.  .  .  absorbing  shock  and  strain  in  its  tough,  fibrous  structure  .  .  . 
lasting  from  two  to  five  times  longer  than  ordinary  pipe  under  Time  s 
severest  tests! 

For  Time  .  .  .  That  Tough  Old  Tester  .  .  .  must  stay  his  hand  before 
Reading  5-Point  Pipe,  whether  he  finds  it  installed  above  ground 
or  below.  The  long  generations  have  shown  that  Genuine  Puddled 
Wrought  Iron,  the  material  ofwhich  this  pipe  is  made,  defies  Time's 
onslaughts  as  does  no  other.  That  is  why  Reeding  5-Point  Pipe 
means  enduring  economy,  enduring  satisfaction. 

READING    IRON    COMPANY,    Reading,   Pennsylvania 


For  Xour  Protection 
This  Indented  Spiral 
Forever  Marks 
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lcl^■^tit^  .it  Ihf  Muin^;  hul>  i>  uitlihtUI, 
but  the  nuinorx  of  Iut  answer  liiij;ers  on 
with  the  instructor  of  a  hij;h  school 
science.  One  of  the  requirements  in  the 
written  quiz  was:  "Define  a  bolt  and  tun 
and  explain  the  difference  if  any.  " 

'I'he  girl  wrote,  '.\  bolt  is  a  thing  like 
a  stick  of  hard  metal  such  as  iron,  with 
a  square  bunch  of  windings  on  one  end 
and  a  lot  of  scratching  wound  around  the 
other  end.  A  nut  is  a  similar  to  the  bolt 
only  just  the  opposite,  being  a  hole  in  a 
chunk  of  iron  sawed  off  short,  with 
wrinkles  around   the  outside." 

No  wonder  the  prof  gave  her  an  A  in 
the   course.        — Tltc   Kaiistis   Ejujttifrr. 


""yea  bo,  I'm  an  athlete  from  way  back. 
1    hurl  the  discus  for  A.  P.   I. 

"Sav  kid,  vou're  no  individual,   1   throw 
the  switch   for  A.  &  W.   P. 

—  The   .lulnirn    hni/inni. 


Soph:      I'm     going    out    to    .Adam     and 
Eve's  place. 

Senior;     .Adam  and  E\'e's  place.  I  ne\er 
heard   of   that.     Where   is   it? 

.Soph:     281   Apple. 

— Till'   .hihitiri   Kjit/iufi't . 


Ilaworth:  I  could  not  get  problem  8, 
professor,  it  is  too  hard. 

Prof.  Vawter:  ^es,  I  know,  it's  that 
dam    problem. 


Freshman  getting  off  the  train 
Looks  of  dumbness  very  plain; 
Young  and  eager  trusting  faces, 
Kull  of  wonder  at  seeing  places. 
A  few  arrived  in  search  of  knowledge 
Hut  most  of  them  just  came  to  college. 
—  The  Michiyan   Teihiiit. 


"They  laughed  when  I  went  to  the 
piano,  but  their  laughter  changed  to  as- 
tonishment when  I  carried  it  out,"  trilled 
.Mgv,  the   piano  mover. 

—  The   Miehuian    Te,hm,. 


\  minister  while  passing  a  group  of 
convicts  at  work  on  the  country  roads, 
became  very  much  depressed  at  the 
wickedness  of  the  world.  "My  good  men,  " 
he  exhorted,  "we  should  strive  to  mend 
our  ways." 

"Well,  wotinell  you  think  we're  doing," 
asked  No.   3283,  "digging  fishworms?" 
— The  Miehitian   Teehnie. 


There  are  many  sprays  and  powders  to 
destroy  insects,  but  the  proper  way  to 
handle  an  unwelcome  guest  is  to  ride  him 
out  home  in  the  rumble  seat  and  then 
put  him  in  the  folding  bed. — Exchange. 


j.ike,  the  H.ihuiik,  savs  his  idea  of  a 
real  optimist  is  the  freshman  who  was 
seen  reading  the  bulletin  concerning  the 
pa\m   entof   alumni   dues. 

—  Tlie  Miihii/an    Teehuu. 


lireatlies    there    a    man    w'wh   soul    so    dead 
rii.it    never   to   himself   hat   said, 
.As   he  stubbed    his  toe  against  the  bed, 
—  The  Kansas  Eni/ineer. 


Ilubby:     "^'nu're  going  for  a    ride   with 

me,    aren't  you.'*" 

Wife:     "I'm  not  the  person  ti^  back  out." 
Ihibb)  :     "No,  it  \vould  be  better  feu-  the 

garage   if   I   did." 

— The  Kansas  Entjinrer. 


lie:      ^'es,    I    changed    schools. 

She:  Oh!  I'm  so  glad.  I  never  did 
like  engineers,  for  they  always  leave  blue- 
prints  on    your    neck. 

—  The    Purdue    Eufjineer. 


"Any  good  shooting  on  your  farm?" 
asked   the   hunter  of   a   farmer. 

"Splendid!"  replied  the  agriculturist. 
"There's  a  threshing-machine  salesman 
down  in  the  meadow  ;  a  farm  relief 
congressman  in  the  hay  loft;  a  vacuum 
cleaner  peddler  in  the  house;  a  radio 
salesman  coming  in  the  front  gate,  a 
candidate  down  at  the  barn,  and  two 
tramps  in  the  corn  crib.  .  .  .  Need  zn\ 
shells?"  —Life.  ' 


He:     "Do  \ou  know  the  secret  of   popu- 
larity?" 

She:      "^'es,   but   mother   says   I   musn't." 
— Ohio   Slate  Eni/ineer. 


Professor  (addressing  medical  student)  : 
"The  muscles  of  the  patient's  left  leg  have 
contracted  until  it's  much  shorter  than  the 
right.  Therefore  he  limps.  Now,  what 
would   \()u  do  in  such  circumstances?" 

Student:      "I'd    limp    too." 

-Piillilindei. 


"Do  you  and  your  wife  ever  think  the 
same,  John?" 

"When  I  stay  late  :it  the  club  we  do. 
She  keeps  thinking  of  what  she'll  sa> 
when    I    get    home,    and    so    do    I." 

— E.yehanae. 


It  is  understood  that  John  D's  latest 
philanthropy  will  be  to  bu\  chairs  for 
the  standing  army. 

—  The  Kansas  Engineer. 


Many   young   men   spend    a    lot   of   tim 
tinkering  with   misses   in   their   motors. 
— The  Co-operative  Engineer. 


The  Iiuig  \u:\i\  Cati'  in  front  of  the 
government  telegraph  office  at  Chi  Wango 
lao  proudly  gives  out  advertising  cards 
in  both  Chinese  and  English.  The  latter 
side  reads:  "Dinner,  drink,  smoke,  con- 
lectionar\'  and  all  kinds  of  foods  are  good 
and  cheaply.  The  rooms  are  cleanly  and 
broadly.  The  servants  are  kindly.  If  you 
can  come  we  are  welcome  and  vou  will 
satisfv."        —The  Nebraska  HI ue' Print. 


Beyond  the  dim  glass  of  the  heavily 
panelled  door,  figures  moved  about,  talk- 
itig   and   gesticulating. 

'Shoot  Jimmy  Walker,"  shouted  a  voice. 

"Bury  Hoover,  "  the  raucus  voice  con- 
tinued,   "and  kill  Justice  Taft." 

"\\'ait,"  ;inother  \'oice  bellowed.  "Boil 
^lo\^■n  Commander  Byrd  to  the  bone.  Cut 
I.nngworth  in  half,  do  the  same  to  Alice; 
and  put  twenty  sticks  of  dynamite  instead 
of  five  in  that  explosion." 

With  a  sigh  of  relief  the  city  editor 
drew  out  his  watch.  "Guess  we'll  make 
the  first  edition,"  he  muttered,  as  the 
photographer  returned  with  a  photo  of 
Mayor  Walker,  and  the  typewriter  took 
cm   added   speed.  — Judeje. 


Helpful  waiter:  What  about  some 
tongue,  sir? 

Mr.  H.  Peck:  I  had  some  of  that  this 
morning. 

H.  W.:  Well,  then,  how  about  some 
cold   shoulder? 

Mr.  H.  P.:  I'll  get  some  of  that  to- 
night. —The    Rose    Teehnie. 

.\  drunk  was  passing  a  subway  excava- 
tion when  he  stopped  for  a  moment  and 
called  down  to  the  man  in  the  pit:  Shay, 
whatcha  doin'  ? 

"W^e're  building  a  subwa\,"  one  of  the 
men  replied. 

"How  long  will  it  take  you  to  build 
it?"   inquired  the  drunk. 

".About  eight  years,"   was  the   response. 

"Eight  year,  (hie)  To  'ell  with  it.  I'll 
take  a  taxi."  — Tlie  Rose  Teehnie. 


Engineer  (yelling  to  man  walking  on  a 
newly  laid  stretch  of  concrete):  Hey,  you 
!!    !?!    ,   Cet  ofTa   there,   that's   still   wet." 

Advised  (magnanimously):  "Oh,  that's 
all   right.     I've  got  rubbers  on." 

— The  Iowa  Engineer. 


While  a  play  was  in  progress  a  lady 
turned  in  her  seat  and  said  to  a  man  be- 
liind:      "I    hope    m\    hat    is    not   annoying 

"It  is,  madam,"  was  the  reply,  "for  my 
wife    \\ants   one    just    like    it." 

—  The    Sehraska    Illne    Print. 
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J-qOX  Contractors  used 


Equipment 


I.  Flooring  PlonI  owned  by  the  Norlh 
Eoitern  Conslruclion  Co.  of  Baltimore 
conjiiting  of  One  21  S  Standofd 
Building  Mixer  ond  Ronsome  Wood 
Tower,  Boom  and  48'  Chute. 

1,  Merritt-Chopmon  &  Scott  Corporo- 
tion  of  New  York   City  &  Boltimore 


uied  o  Ronsome  28SStondard  Build- 
ing Mixer  purchosed  in  1908.  Still 
going  strong  offer  over  20  yearil 

3.  P  C.  Straett  Engineering  Co.  of 
Boltimore  used  a  Ronsome  Heovy 
Steel  Tower.  Ronsome  M-S  ond  7S 
Standard  Building  Mixers. 


the 
mas  Sti'eet 
'ceanlerminal 
in  Baltimore— 
and  finished  the  Job  onTime/ 

The  McComas  Street  Ocean  Terminal  is  the  first  unit  of 
the  $50,000,000.  port  development  program  of  Balti- 
more, Md. 

This  project  cost  $8,500,000.  and  took  27  months  to 
jj?  complete.  It  involved  the  construction  of  a  two-story  con- 
crete merchandise  warehouse;  two  two-story  wharves; 
a  one-story  pier  shed;  a  rest  house  and  commissary; 
a  shop  building;  and  yard  terminal  facilities  having 
more  than  five  miles  of  apron,  switching  and  yard  tracks. 

Four  contractors  used  Ronsome  equipment — as  shown  Ih 
the  above  illustrations. 

The  schedule  was  rigid.  Large  penalties  were  set  for 
failure  to  meet  contract  completion  dates.  The  job  was 
done  on  time. 


4.  The  Empir 
Baltimore  us 
Building  Mixei 


Construction  Co. 
d    o    21-S   Stondt 


of 


On   large   construction   jobs,   it   is   not   unusual   to   find 
several   contractors  who   use   all   Ronsome  equipment. 

Foldar  "D"  describes  the  entire  Ronsome  Line.  Send  for  your  copy  today. 


Ransome  Concrete  Machinery  Company 

18S0  —  Service  for  80  Years  —  1930 
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TWENTY-EIGHT  miles  upstream  from  New 
Orleans  a  great  flood  gate  known  as  the 
Bonnet  Carre  spillway  is  being  completed.  In 
times  of  high  water  this  concrete  dam  on  the 
east  bank  of  the  Mississippi  will  tap  the  flood 
before  it  reaches  the  city,  diverting  the  danger- 
ous excess  into  Lake  Pontchartrain. 

The  Bonnet  Carre  spillway  consists  of  a  con- 
crete dam  and  a  pier-and-weir  section  about  7700 
feet  long.  The  weir  sections,  which  are  twenty 
feet  wide  between  the  piers,  have  timber  needles 
on  the  crests  at  two  levels  —  elevations  16  and  18 
A  traveling  crane,  on  a  bridge  spanning  the 
piers,  removes  the  timber  needles  for  discharge. 

N.  E.  C.  equipment  played  an  important  part  in 
the  construction  set-up.  Two  Koehring  Cranes 
handled  aggregate  at  the  material  bins  and  a 
third  Koehring  placed  the  concrete  with  an 
Insley  bucket.  Two  large  Smith  mixers  mixed  the 
127,000  cu.  yds.  of  concrete  used  on  the  project. 

Wherever  you  find  construction  work  in  prog- 
ress, you  find  N.  E.  C.  equipment! 


KOEHRING 

Pavers,   Mixers;   Power  Shovels, 

Pull  Shovels,  Cranes,  Draglit 

Dumptors. 

INSLEY 

Excavators;    Concrete    Placing 

Equipment;  Cars,  Buckets, 

Derricks. 

T.  L.  SMITH 

Tilting  and  Non-tilting  Mixers, 

Pavers,  Weigh-Mix. 
y  PARSONS 

'  Trenchers,  Backfillers. 

C.  H.  &  E. 

Portable    Saw    Rigs,    Pumps, 

Hoists,  Material  Elevators, 

Ditchers. 

KWIKMIX 

Mixers  —  Concrete,  Plaster  and 

Mortar.  _ 


National  Equipment 
Corporation 


30th  St.  &  Concordia  Ave. 
Milwaukee,  Wisconsin 


ETTIN< 


The  referee's  whistle  blows.  Up  goes 
the  ball.  The  opposing  centers  leap  into 
the  air  and  one,  a  little  more  alert,  a 
little  better  endowed  by  Nature  than  hi- 
adversar\-,  tips  it  into  the  hands  ot"  .1 
waiting  team-mate.  So  it  is  in  basket- 
ball—  and  so  it  is  in  the  vastly  more 
important  game  of  life  which  starts  in 
earnest  after  text-books  and  examina- 
tion papers  are  finally  laid  aside. 

In  the  sales  departments  of  Westing- 
house,  as  with  other  great  national 
organizations,  are  many  younger  college 
men  —  graduated  within  the  past  five 
or  ten  years  —  whose  alertness  and 
ability  are  winning  them  no  small 
measure  of  reward.  Not  only  in  the  sale 
of  electrical  goods  to  dealers,  jobbers, 
and  power  company  stores,  but  in  im- 
portant negotiations  for  equipment 
with  central  stations,  railroads,  shipping 
lines,  governments,  industrial  concerns 
and   building   contractors,   success   dc- 
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F.  E.  Uhl 

R.  D.  La«  LOR 

Cornell  '24 

Tufl,  ColUge  -25 

Transporration  Div. 

Industrial  Salesman 

New  York  Sales 

Springfield,  Mass. 

UMP 


pends  on  the  extending  of  contacts  and 
the  ability  to  "get  the  jump"  on  com- 
petition. And  because  of  their  excep- 
tional engineering  training  and  back- 
ground, W'estinghouse  representatives 
are  regarded  less  as  salesmen  than  as 
expert  consultants  in  electrification. 

The  men  whose  photographs  appear 
on  this  page  are  but  a  few  of  many  who, 
with  college  memories  still  fresh  in  their 
minds,  are  helping  W'estinghouse  to 
maintain  the  contacts  which  keep  it  busy 
doing  so  generous  a  portion  of  the 
world's  electrical  work. 


The  following  are  but  a  few  of  the  more 
outstanding  examples  of  recent  Westing- 
house  jobs,  in  the  negotiation  of  which 
younger  college  men  have  played  a  part: 

Ttirbim-lEJectric  Drivf^  AVu'  Dollar  l^iiie 
Passenger  S/jip  '  EJectrifiialion,^eiiYork, 
Seu-  Hareti  ami  Hartford  R.  R.  '  Steam 
I' ■tri'/tie-Geuera/ors ^  Duke  Poller  Contpatiy, 


M.  S.  Ancier 
Unn.  ol  III.    24 

Sales  Manager 
Johnstown.  Pa. 
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The  new  G-E  hu-grid-current  Pliotron  tube  capable 
of  measuring  a  current  as  small  as  10-"  ampere 


This  Little  Tube  Measures  Stars 

Centuries  of  Light  Years  Distant 

|Y  MEANS  of  a  new  vacuum  tube  called  a  low-griJ-current  Plio- 
tron tube,  astronomers  can  gather  the  facts  of  stellar  news 
with  greater  speed  and  accuracy.  In  conjunction  with  a  photoelectric 
tube,  it  will  help  render  information  on  the  amount  of  light  radiation 
and  position  of  stars  centuries  of  light  years  away.  It  is  further 
applicable  to  such  Lboratory  uses  as  demand  the  most  delicate 
measurement  of  electric  current. 

So  sensitive  is  this  tube,  that  it  can  measure  0.000,000,000,000,000,01 
of  an  ampere,  or,  one-hundredth  of  a  millionth  of  a  billionth  of  an 
ampere.  This  amount  of  current,  compared  with  that  of  a  50-watt 
incandescent  lamp,  is  as  two  drops  of  water  compared  with  the  entire 
volume  of  water  spilled  over  Niagara  Falls  in  a  year. 

General  Elecirk  leadership  in  the  development  of  vacuum  tubes  has  largely 
been  maintained  by  college-trained  men,  just  as  college-trained  men  are 
largely  responsible  for  the  impressive  progress  made  by  General  Electric  in 
other  f  elds  of  research  and  engineering. 

JOIN    us  IN   THE  GENERAL   ELECTRIC    PROGRAM,  BROADCAST  EVERY  SATURDAY  EVENING   ON  A  NATION-WIDE    N.Ii.C.   NETWORK. 
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He  was  staking  his  future 
on  those  castings 


EVEN  though  it  was  July  4  and 
a  holiday,  R.  T.  Crane,  then 
a  voung  man,  was  so  eager  to  see 
his  tinv  new  foundry  in  actual 
operation  that  he  lighted  the  fur- 
nace, tilled  the  crucihle  with 
metal,  and  poured  his  first  castings. 
When  the  moulds  were  cool,  and 
the  first  Crane  products  ready,  he 
studied  and  cleaned  and  polished 
with  inexhaustible  care. 

The  little  foundry  has  grown  into 
the  347  acres  of  Crane  manufac- 
turing plants.  Progress  has  brought 
rows  of  giant  electric  furnaces  to 
take  the  place  of  his  first  crude 
one.   The  lightning  rod  couplings 


that  he  made  on  that  day  in  1855 
have  been  expanded  into  a  line  of 
33,000  items,  meeting  every 
modern  valve  and  fitting  need  of 
the  world's  industries.  But  to  this 
day,  the  example  the  founder  set  of 
intense  personal  interest  and  pride 
and  care  for  the  quality  of  each 
product  remains  a  distinguishing 
mark  of  the  Crane  organization. 

Just  as  the  founder  on  that  first 
day  felt  that  his  future  rested  with 
the  quality  of  those  couplings, 
Crane  men  are  trained  to  feel  that 
their  company's  reputation  rests 
upon  the  quality  of  each  valve  and 
httiiiii  they  turn  out. 


l^atvt 


^CRAN  E 

PIPING    MATERIALS    TO    CONVEY  AND   CONTROL  STEAM.   LIQUIDS.   OIL,   GAS,    CHEMICALS 

CRANE  CO.,  GENERAL  OFFICES:  836  S.  M  ICH  I  G  AN  AVE. .  CH  ICAGO 

NEW  YORK  OFFICES:  23  WEST  44TH  STREET 

Br,iii,his  and  Siilei  Offices  in  One  Hundred  and  Kmett-six  Cittes 
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OXW^ELDING 

SIMPLIFIES  PIPING  DESIGN 


THE  laying  out  of  a  piping  system  is  materially 
simplified  by  oxwelding.  Where  this  method  of 
jointing  is  used,  plans  are  not  governed  by  the  availa- 
bility of  standard  fittings  and  the  avoidance  of  specials. 

Oxwelding  does  not  change  the  general  design  fea- 
tures. Size  of  pipe,  method  of  suspension,  provision 
for  expansion  and  contraction  and  location  of  turns, 
branch  connections,  valves  and  other  fittings  are  the 
same  as  for  other  types  of  construction.  Welded  joints 
and  fittings  are  merely  substituted  to  obtain  increased 
compactness,  economy  and  serviceability. 

Under  Procedure  Control,  welded  piping  construc- 
tion may  be  undertaken  with  the  same  confidence  in 
a  satisfactory  result  as  older  methods. 


THE    LINDE    AIR    PRODUCTS    COMPANY 

Unit  of  Union  Carbide  and  Carbon  Corporation 
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DESIGN    STANDARDS    FOR 
OXWELDED    PIPISG 

Any  welded Itiping  system,  even  in  its  most 
complkaled  form,  is  a  combination  of  a 
few  fundamental  welding  design  details, 

WELDED    LINE    JOINTS 
Open  Single  Vee  Butt  Weld 


Expl, 


of  Design: 

The  Open  Single  Vee  Butt  Weld  illuB- 
trated  is  the  type  of  weld  most  exten- 
sively used  for  jiiinting  steel  pipe. 
When  properly  made,  it  develops  the 
full  strength  of  the  pipe  wall;  it  ia  easy 
to  make  and  of  low  coat. 

Uses  : 

The  Open  Single  Vee  Butt  Weld  is  the 
standard  line  joint  and  is  recom- 
mended for  standard,  extra  heavy  and 
double  extra  heavy  piping,  for  all 
services  carrying  all  pressures  to 
which  steel  and  wrought  iron  pipe  are 
subjected. 

Sliecificatioti : 

When  the  Open  Single  Vee  Butt  Weld 
is  specified  the  following  should  be 
included  in  the  specification; 

1  The  spacing  between  pipe  ends, 
before  tacking,  shall  be  as  given  in 

Table  1,  page  11,  "Design  Standards 
for  Oxwelded  Piping." 

2  Welds  shall  be  thoroughly  fused 
to  the  joint  edges  and  shall  extend 

completely  to  the  bottom  of  the  vee, 

•I  Welds  shall  have  a  minimum  width 
"•  of  2'.,  times  the  pipe  wall  thick- 
ness and  shall  be  symmetrical  with 
respect  to  the  center  line  of  joint. 

A     Welds  shall  be  built  up  to  present 
a    gradual   increase   in    thickness 
from  etige  to  center. 

C  Thickness  at  the  center  of  the 
^'  weld  shall  not  he  less  than  I'l 
times  the  pipe  wall  thickness. 

fi     The  weld  shall  be  of  sound  metal 
free  from  laps,  gas  pockets,  slag 
inclusions  or  other  defects. 

The  above  is  excerpted  from  a  hand- 
book on  fundamental  designs,  titled, 
"  Design  Standards  for  Oxwelded  Steel 
and  Wrought  Iron  Piping,"  published 
by  The  Linde  Air  Products  Company. 
A  copy  of  this  handbook  should  be  m 
every  architectural  drafting  room.  It 
is  yours  for  the  asking.  Just  fill  in  and 
mail  the  coupon. 


Technical  Publicity  Dept.,  12th  Floor 
205  East  42nd  St.,  New  York,  N.  Y. 
Please  send  me  a  copy  of  your  new  book, 
"Design  Standards  for  Oxwelded  Steel 
and  Wrought  Iron  Piping,"  which  also  ex- 
plains procedure  control  for  pipe  welding. 
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Illinois'  Only  Co-operative  Book  Stores 

Supplies  For  Second 
Semester 


Put  off  no  longer  getting  those  books  and  sup- 
plies you  really  need  in  your  second  semester 
courses.  The  work  can't  be  done  without  the 
proper  tools. 

All  engineering  and  architect  texts  and  reference  books,  slide 
rules,  drawing  and  sketching  paper,  pencils,  erasers,  drawing 
boards,  tracing  linen,  drawing  instruments,  engineer  and  archi- 
tect scales,  tee  squares,  drawing  ink,  everything  the  engineer  and 
architect  needs  will  be  found  in  these  stores. 


Study  lamp  for-  your 
Schedule  cards  and  desk 


blotters  are  free 


o    \  $1.35 
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The  Coast  Artillery  Unit 


Maj.  C.  a.  Ch  \r.\i.\N 


WHERE  dots  it  stand  in  tlu-  military  sehcnic  and 
wh-At  part  does  it  play  in  the  L'niversity  of  Illi- 
nois, are  natural  and  pertinent  questions.  Coast 
artillery  came  to  this  continent  with  our  earliest  colonies 
as  an  all-important  key  to  their  existence.  It  has  been, 
and  as  far  as  we  can  see  into  the  future,  will  be  a  vital 
necessity  to  any  nation  with  a  seacoast.  You  may  be 
interested  to  know  that  no  other  nation  in  the  world 
can  compare  its  seacoast  defenses  with  those  of  the  L  nited 
States.  About  S240.(100,000.00  have  been  spent  in  their 
installation  and  improvement.  Whether  it  is  obvious  or 
not,  the  old  law  of  supply  and  demand  f;o\erns  this 
branch. 

By  the  beginning  of  the  present  centur\-  the  developed 
power  of  na\ies  to  deliver  long  range  fire  from  fast  mov- 
ing ships  had  created  the  demand  for  a  specialized  artil- 
lery adequately  equipped  to  defend  our  harbors  and  sea- 
board industries.  The  Coast  Artillery,  which  in  1930  be- 
came a  separate  branch,  has  succe.ssfidly  developed 
weapons  and  methods  to  meet  the  naval  threat.  The 
Field  .Artillery  from  that  time  became  the  branch 
specializing  in  the  attack  of  land  targets  which  of  course 
are  usually  stationary.  The  World  war  created  a  new 
demand.  It  brought  into  existence  as  an  offensive  weapon 
the  airplane.  Much  has  been  said  as  to  its  powers  and 
limitations  but  to  avoid  bootless  argument  let  us  be  con- 
tent with  the  statement  that  its  marvelous  development 
and  perfectly  apparent  possibilities  have  forced  all  nations 
to  strain  to  the  utmost  to  secure  an  adequate  answer  to 
its  threat. 

Naturally  the  first  question  to  be  answered  was  to 
whom  should  development  of  defense  be  assigned.  History 
showed  that  London  depended  priinarily  on  its  air  forces 
for  defense  against  German  air  raids.  This  required  an 
immense  number  of  planes  which  were  withheld  from 
the  battle  lines  and  the  net  result  was  that  the  Germans 
were  uniformly  successful.  Paris  depended  principally 
on  defense  from  the  ground  and  the  net  result  was  that 
Germans  accomplished  practically  nothing  from  her  air 
raids  on  that  city. 

The  natural  decision  in  this  coimtry  was  to  place  re- 
liance for  purely  defensive  measures  principalh'  on 
ground  troops  and  to  organize  an  antiaircraft  artillery. 
Incidentally  this  includes  the  antiaircraft  cannon,  the 
machine  gun,  or  if  you  like,  a  machine  gun  which,  fires 
the  projectile  designed  for  use  in  cannon.  To  make  it 
effective  both  day  and  night,  the  necessary  searchlight  oi- 
ganizations  are  included. 

The  next  problem — the  assignment  of  this  mission — 


came  to  a  very  natural  solution.  Since  the  Coast  .Artil- 
lery had  devised  and  perfected  methods  for  bringing  ac- 
curate fire  to  bear  on  a  moving  target  on  the  sea,  it  could 
be  expected  to  extend  this  to  moving  targets  in  the  air. 
The  antiaircraft  artillery  thus  became  a  part  of  the  Coast 
Artillery. 

The  reason  that  it  came  to  the  University  of  Illinois 
is  still  "supply  and  demand."  You  are  all  fully  ac- 
quainted \\ith  the  immense  and  ever  increasing  import- 
ance of  the  so-called  Great  Lake  Region  both  in  indus- 
tries and  population.  Since  protection  is  required  in  direct 
proportion  to  importance,  antiaircraft  reserves  in  consid- 
erable numbers  must  be  provided  here  and  Illinois  in- 
cludes in  her  training  schemes  the  newly  required  prep- 
aration for  defense  against  the  attack  from  the  air. 

A  purchaser  usually  looks  over  what  is  offered  to  see 
whether  or  not  it  really  satisfies  his  demand.  In  this  case 
the  demand  of  the  state  and  federal  government  questions 
the  ability  of  antiaircraft  artillery  to  adequately  defend. 
Our  answer  is  that  improvements  since  the  Great  War  in 
antiaircraft  artiller\  have  kept  full  pace  with  correspond- 
ing impro\ements  in  the  airplane.  We  arc  as  far  ahead 
of  the  artillery  which  defended  Paris  as  the  plane  of 
today  is  ahead  of  the  wartime  plane.  We  annually  dem- 
onstrate that  with  actual  firings. 

The  natural  demand  of  the  Univer.sity  of  Illinois  in- 
cludes the  question  as  to  whether  or  not  this  course  in 
Military  Science  can  justify  itself  as  an  educational 
subject  worthy  of  a  place  in  the  curriculum  of  each  of  its 
colleges. 

At  the  risk  of  being  accused  of  "pa.ssing  the  buck," 
you  are  referred  to  the  juniors  who  have  taken  up  ad- 
vanced course  Coast  Artillery.  If  you  are  still  skeptical, 
consider  our  problem  of  bringing  into  coincidence  two 
points,  one  the  airplane  moving  in  three  planes,  the  other 
the  projectile  whose  motion  is  controlled  with  an  entirely 
different  set  of  rules  as  to  \eIocities,  accelerations,  masses 
and  time  factors.  For  the  engineer  it  is  an  opportunity 
to  apply  most  all  of  the  math  he  has  acquired  and  possibly 
some  additional.  As  an  afterword,  lest  from  this  rather 
sketchy  discu-ssion  it  is  inferred  that  antiaircraft  artillery 
is  the  complete  aiiswer  to  the  airplane  in  the  attack,  let 
me  add  that  there  is  not  and  never  will  be  a  defensive 
arm  which  can  completely  nullify  an  offensive  arm  and 
there  will  never  be  an  offensive  arm  for  which  the  de- 
fense caiuiot  find  a  satisfactory  reply.  Development  of 
the  antiaircraft  artillery  defense  simply  emphasizes  the 
importance  of  the  air  corps  and  the  two  arms  or  branches 
.ire  quite  mutualh'  dependent. 
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Research  In  Civil  Engineering — Part  II 


W.    C.    HUNTIXGTOX 
llt'dti  of  the  Dcpiirtiiunt 


III  the  Dfcember  issiii  purl  of  Ihe  nsiiin/i  work  for  llic  Civil 
Emjiiieerinij  department  <wns  described.  This  seeond  arliilc  ton- 
iludes  the  account  of  Ihe  various  projects. — The  EnnoR. 

MOMKNT  DISTRIBUTION— One  of  the  most 
perplexing  problems  in  structural  engineering  is 
the  stress  analysis  of  rigid  frames.  The  reinforced 
concrete  frame  is  necessarily  a  structure  with  rigid  joints 
in  which  the  continuity  of  the  beams  and  the  inter-action 
ot  beams  and  columns  creates  a  condition  which  is  difficult 
to  analyze  by  the  methods  heretofore  available.  For  tliis 
rea.son  many  designers  have  resorted  to  the  use  of  of  arbi- 
trary coefficients  for  the  bending  moments  in  such  con- 
tinuous beams.  During  recent  years  Professor  Hardy 
Cross  has  developed  a  method  for  the  sclution  of  such 
problems  which  is  easily  and  quickly  applieil  and  which 
makes  the  solution  of  many  problems  in  rigid  frames 
possible  to  the  ordinary  designer  without  a  thorough 
knowledge  of  statically  indeterminate  structures.  Professor 
Cross  has  designated  this  method  as  Moment  Distribution. 

THIN  CYLINDRICAL  SHELLS  AS 
COLUMNS — In  economy  of  material,  the  cylindrical 
shell  possesses  an  advantage  over  struts  of  other  cross 
sections.  A  thin  tube  used  as  a  column  may  fail  by 
column  action  or  it  may  fail  by  local  flexure  or  wrinkling 
of  the  shell  wall  in  a  more  or  less  symmetrical  manner. 
Mathematical  in\estigations  of  the  problem  have  been 
made,  but  are  not  directly  applicable  to  the  ordinary 
case;  for  in  dealing  with  material  of  ordinary  strength, 
failure  may,  and  generally  does,  occur  after  the  limit  of 
direct  proportionality  between  stress  and  strain  has  been 
reached  giving  rise  to  a  situation  which  is  inconvenient, 
if  not  impossible,  to  deal  with  mathematically.  It  is  the 
object  of  this  investigation  to  study  the  type  of  failure 
by  local  or  secondary  flexure,  and  to  determine,  as  far  as 
possible,  a  rational  formula  for  the  stress  causing  col- 
lapse of  a  thin  tube  in  terms  of  the  physical  properties 
of  the  material  and  the  geometrical  properties  of  the  tube. 
Specimens  ranging  in  size  from  one  inch  in  diameter  and 
(1.01  of  an  inch  thick  up  to  24  feet  in  length,  six  feet  in 
diameter,  and  5/16  of  an  inch  thick  will  be  compressed  to 
failure  and  their  action  observed.  The  effect  of  varying 
the  ratio  of  thickness  to  diameter,  of  length  to  diameter, 
and  of  length  to  thickness  will  be  observed  and,  as  far  as 
possible,  measured.  An  attempt  will  be  made  to  correlate 
the  results  of  the  experiments  with  a  mathematical  in- 
vestigation. From  these  measurements  and  observations 
it  is  hoped  that  conclusions  may  be  drawn  that  will  be  of 
value  in  predicting  the  action  of  these  tubular  columns 
in  general.  This  investigation  is  being  financed  by  the 
Chicago  Bridge  and  Iron  Works  and  the  investigation 
is  being  made  by  N.  Newmark,  a  graduate  research  as- 
sistant and  a  graduate  of  Rutgers  College,  under  the 
direction  of  Research  Professor  W.  M.  Wilson. 

ADMIXTURES  IN  CONCRETE— During  the 
past  several  years  considerable  use  has  been  made  of 
various  finely  powdered  materials  in  concrete  in  addition 
to  the  usual  cement,  aggregates  and  water.  The  purpose 
of  these  admixtures  is,  in  most  cases,  to  increase  the  work- 
ability of  the  concrete,  although  in  some  cases  the  idea 
of  water-tightness  is  the  main  consideration.  Much  ot 
the  research  work  involving  a  studv  of  the  gradation  of 


the  aggregates  used  in  concrete  has  indicated  that  more 
coarse  material  could  be  u-sed  than  has  been  customary. 
This  emphasis  on  increasing  the  coarseness  of  the  aggre- 
gate has  in  many  cases  carried  the  pendulum  too  far  in 
that  direction  with  the  result  that  man\'  times  the  con- 
crete has  been  harsh  and  unworkable  and  difficult  to 
place.  To  remedy  this  situation  the  advocates  of  these 
admixtures  have  urged  the  use  of  small  quantities  of  such 
materials.  It  is  often  difficult  to  secure  a  dense  mass 
when  the  concrete  is  unworkable,  so  that  in  some  cases 
the  use  of  an  admixtin'e  is  made  on  the  basis  of  securing 
a  dense  mass  which  will  be  watertight.  There  has  been 
a  difference  of  opinion  as  to  the  merits  of  admixtures. 
Some  feel  that  if  any  more  money  is  to  be  spent  on  the 
concrete,  it  should  be  spent  on  the  cement  content,  since 
the  cement  is  a  very  fine  material  which  will  fimction 
much  as  these  admixtures  do  and  in  addition  will  add 
strength  to  the  resulting  concrete.  At  the  present  time 
there  is  not  much  information  available  as  to  the  effect 
of  these  materials  on  the  strength  of  concrete.  The  in- 
vestigation now  underway  in  the  department  has  been 
undertaken  to  throw  further  light  on  this  important 
problem.  The  factors  which  are  being  considered  are : 
The  strength  secured  when  admixtures  are  used,  the 
volume  of  concrete  produced,  the  effect  of  admixtures  on 
the  mixing  water  requirements,  and  their  effect  on  the 
modulus  of  elasticity.  This  investigation  is  being  con- 
ducted by  E.  E.  Bauer,  Associate  in  Civil  Engineering. 

BEARING  VALUE  OF  BRIDGE  PINS— Pin- 
connected  joints,  such  as  are  frequently  used  in  bridges 
might  fail  by  shearing  of  the  pin,  by  bending  of  the  pin 
or  by  crushing  of  the  plate  that  the  pin  bears  against. 
Because  of  the  highly  concentrated  character  of  the 
stresses,  the  load  producing  failiu'e  cannot  be  determined 
satisfactorily  by  mathematical  analysis.  The  investiga- 
tion being  made  pertains  particularly  to  the  strength  of 
the  pin  in  bending  and  the  strength  in  bearing  of  the  ad- 
jacent plate.  The  resistance  of  pins  to  bending  will  be  de- 
termined from  tests  made  up  on  pins  varying  in  diameter 
from  one  inch  to  six  or  eight  inches  and  upon  pins  having 
various  lengths  subjected  to  bending.  The  bearing 
strength  of  plates  will  be  determined  for  plates  of  vary- 
ing thickness  bearing  upon  pins  of  various  diameters.  The 
object  in  all  tests  will  be  to  determine  the  minimum  load 
that  will  produce  a  permanent  deformation  in  either  the 
pin  or  the  plate.  This  investigation  is  being  made  by 
G.  H.  Dell,  instructor  in  civil  engineering,  under  the 
direction  of  Research  Professor  W.  M.  Wilson. 

THE  COLUMN  ANALOGY— If  the  elastic 
properties  of  the  different  portions  of  a  restrained  flexural 
member,  such  as  a  rigid  frame  or  an  arch,  are  known 
the  analysis  for  the  stresses  in  the  member  is  essentially 
a  problem  in  geometry.  The  geometrical  relations  in- 
volved in  this  analysis  are  identical  in  algebraic  form 
with  the  general  formula  for  determining  the  fiber  stress 
in  a  member  which  is  bent.  Since  structural  engineers  are 
familiar  with  the  analysis  of  problems  in  flexure  it  is 
often,  of  value  to  state  the  relations  involved  in  the 
analysis  of  rigid  frames  and  arches  in  terms  of  the  beam 
fornnda.  This  investigation  has  shown  that  the  bending 
nionicnts  in  arches,  rigid  frames,  and  sinu'lar  str\ictures 
(Cniiliiiurd  on  Page  24) 
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THE  term  "Retuiii  How"  is  applicii  to  that  portion 
of  the  total  flow  of  a  stream  which  is  derived  from 
percolation  through  soil  of  the  excess  of  water 
previously  diverted  from  a  stream  and  applied  to  land  for 
irrigation  purposes.  In  amount  the  return  flow  represents 
the  difference  between  the  quantity  of  water  diverted 
(less  that  \\'asted  in  surface  channels)  and  the  quantity 
of  water  lost  through  evaporation  and  used  to  satisfy  tile 
transpiration  requirements  of  vegetation.  The  latter 
quantity  represents  the  depletion  of  the  water  resources 
of  the  stream  as  a  result  of  irrigation  operations. 

In  the  earlier  years  of  irrigation  development  in  tiic 
western  United  States,  the  phenomenon  of  return  flow 
was  not  well  recognized.  The  history  of  those  years  is 
replete  with  narratives  which  relate  the  bitter  opposition 
on  the  part  of  established  owners  of  water  rights  to  the 
irrigation  development  of  lands  which  would  require  the 
diversion  of  water  from  the  streams  before  it  reached 
their  headgates. 

The  controversy  extended  to  state  governments.  At 
one  time  the  governor  of  Nebraska  wrote  an  official  letter 
of  complaint  to  the  governor  of  Colorado.  In  his  letter 
tlie  governor  stated  that  he  had  been  advised  that  tlie 
depletion  of  the  water  from  the  South-Platte  River  b\ 
the  farmers  of  Colorado  had  deprived  the  farmers  of 
Nebraska  not  only  of  the  use  of  the  water  in  the  stream, 
but  al.so  of  their  due  quota  of  natural  precipitation.  The 
latter  condition,  the  governor  explained  by  stating  that  In- 
understood  it  to  be  a  scientific  fact  that  water  flowing  in 
a  stream  exerts  a  magnetic  influence  on  rain  clouds.  The 
disputes  kept  local  courts  bus\'  and  even  found  their  way 
to  the  Supreme  Court  of  the  United  States. 

The  irrigation  development  continued  in  spite  of  the 
difficulties,  but  it  became  necessary  to  build  reservoirs  in 
order  to  provide  the  water  required  to  irrigate  the  addi- 
tional lands.  As  more  and  more  acreage  was  irrigated, 
it  was  noted,  within  and  below  certain  project  boundaries. 
that  the  dry  weather  flow  of  streams  gradually  increased. 
It  thus  became  apparent  that  all  of  the  water  applied  to 
land  was  not  used  by  the  vegetation  to  satisfy  transpira- 
tion requirements,  and  that  therefore  the  remainder  nuist 
percolate  through  the  .soil  and  eventually  become  surface 
flow  again. 

It  is  a  difficult  matter  to  determine,  to  any  great  de- 
gree of  accuracy,  how  much  of  the  flow  of  a  stream  ma\' 
be  credited  to  return  flow.  Numerous  methods  suggest 
themselves  for  quantitative  determination  of  return  flow, 
but  in  the  application  of  any  of  them  one  encounters  so 
many  indeterminate  factors  that  it  becomes  a  difficidt 
matter  to  arrive  at  dependable  residts. 

A  particular  study  of  the  return  flow  of  the  Nortli 
Platte  River  was  made  by  the  writer  during  the  summer 
of  1930  for  the  United  States  District  Engineer  Office, 
Kansas  City,  Mo.  Lieutenant  J.  M.  Young  was  the 
engineer  officer  in  charge  of  all  investigations. 

In  the  limited  time  a\ailable  for  studying  existing 
records  and  conditions  and  making  the  calculations,  it 
was  impossible  to  carry  on  field  experiments.  Two 
general  methods  of  attack  suggested  themselves  as  offer- 
ing possible  solutions  for  the  problem: 

1.     A  studv  of  stream  flow  records  to  deternu'ne  the 


net  depletion  of  tile  water  resources  of  the  stream  due  to 
irrigation. 

2.  A  study  of  the  amount  of  water  required  by  the 
different  types  of  vegetation  to  satisfy  transpiration  re- 
quirements and  incidental  evaporation  losses. 

The  difficidties  of  the  problem  become  apparent  at 
once.  The  flow  of  the  stream  is  dependent  upon  the 
many  factors  governing  variable  climatic  conditions.  It 
is  also  affected  by  the  diversions  for  irrigation  purposes 
and  that  part  of  the  diversions  which  are  returned  direct- 
1\-  to  the  stream  as  waste,  incidental  to  the  operation  of 
irrigation  canals.  There  is  also  considerable  variation  in 
the  amount  by  which  the  flow  of  the  stream  is  increased 
by  percolating  water  derived  from  rainfall  on  the  water- 
shed within  and  outside  of  the  irrigated  area.  Losses  by 
evaporation   from  the  surface  of  the  stream  and  the  soil 
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\ary  with  the  climatic  conditions  and  since  such  losses 
are  (luite  impossible  of  accurate  determination,  their  effect 
upon  the  flow  of  the  stream  is  indeterminate. 

In  attempting  to  determine  the  amount  of  moisture 
requiretl  for  the  maximum  yield  of  different  crops  one 
again  encounters  a  maze  of  interrelated  factors.  Does  an 
individual  plant  consume  just  the  right  amount  of  water 
required  to  develop  its  maximum  yield  or  does  it  use  as 
much  as  it  possibly  can  consume?  To  what  extent  is  a 
plant  able  to  extract  soil  moistuie  in  the  event  of  a  de- 
ficiency of  water?  How  much  of  the  water  actually  de- 
livered to  a  plant  is  evaporated  before  the  plant  can  make 
use  of  it?  What  portion  of  the  annual  precipitation 
which  falls  during  the  year  may  be  consumptively  used  by 
tlie  plant? 

No  definite  answers  to  these  questions  w-ill  be  at- 
tempted here,  but  they  and  the  variables  mentioned  in 
connection  with  stream  flow  ser\e  to  illustrate  the  com- 
ple\it\  of  the  |)i()blem.  It  will  also  be  apparent  that  a 
search  for  the  various  factors  and  the  degree  to  which 
each  of  them  has  a  quantitative  effect  on  return  flow- 
leads  one  quite  far  afield  from  pure  engineering. 
Hydrology,  meteorology,  geology,  and  entymology  be- 
come involved  into  a  well  nigh  hopeless  tangle. 

It  is  evident  that  a  study  which  will  yield  results 
must  be  one  which  eliminates  as  far  as  possible  the  neces- 
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sity  of  detcrmininfj  tht-  quantitative  effect  of  iiuli\  iduiil 
factors.  It  was  therefore  decided  to  select  for  stud\  :in 
irrigated  area  on  the  North  Platte  River,  which  lies  be 
tweeii  Whalen,  W\oming.  Bridgeport.  Nebraska,  ami 
.North  Platte,  Nebraska.  There  were  two  reasons  toi 
selecting  this  particular  section:  (1)  A  large  irrigated 
acreage  lies  between  Wiialen  and  Bridgeport,  and  {!) 
stream  flow  records  for  a  number  of  year.s  are  ;i\ailahic 
for  gaging  stations  on  the  river  near  these  points. 
Furthermore  the  history  of  the  irrigation  development 
within  the  section  indicated  the  po.ssibility  of  utilizing  the 
stream  flow  records. 

Prior  to  lOOO  there  was  comparatively  little  irrigation 
being  practiced  within  the  section  chosen.  In  that  year. 
however,  the  United  States  Reclamation  Service  com- 
pleted the  large  storage  reservoir  at  Pathfinder,  Wyom- 
ing, and  the  necessary  canals  and  structures  for  irrigating 
several  thousand  acres  of  land  below  W'liaien.  The  con- 
struction work  necessarx'  tn  permit  the  irrigation  of  a<lcli- 
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lional  land  continued  for  some  years  later. 

It  appeared,  therefore,  that  the  studies  of  stream  flow 
records  might  well  be  divided  into  three  significant 
periods: 

1.  The  period  to  I'^OQ  during  which  the  flow- 
records  would  show  the  normal  flow  conditions  of  the 
river  before  irrigation  was  greatly  developed,  and  before 
the  flow  of  the  river  was  affected  by  storage  regulation 
at  Pathfinder. 

2.  The  period  between  1909-1919  which  might  be 
considered  a  transition  period,  dining  which  there  was  a 
considerable  increa.se  each  year  in  the  number  of  acres 
irrigated. 

3.  The  period  between  1920  an.l  1929.  During  this 
period  there  was  but  little  increase  in  the  acreage  irri- 
gated. It  was  also  assumed  that  the  ground  water  con- 
ditions had  become  more  stable  by  1920  and  as  a  result 
the  efifect  of  the  return  flow  upon  the  flow  of  the  stream 
would  be  more  definitely  reflected  by  the  stream  flow 
record. 

In  the  stream  flow  stuilies  made  it  is  assumeil  tiiat 
the  difference  in  the  average  flows  at  two  stations  for  tin- 
early  period  represents  the  normal  increase  or  decrease  in 
the  flow  of  the  stream  before  the  flow  became  disturbed 


by  storage  regulation  or.  to  ;my  great  extent,  by  retmn 
tlow  from  irrigation.  In  other  words  it  is  a.ssumed  that 
tlu  a\erage  flows  will  reflect  variable  climatic  conditions 
wiiich  control  gains  from  the  runoff  of  tile  watershed 
lietween  the  stations  and  losses  through  evaporation  from 
the  surface  of  the  stream.  Similar  data  for  the  later 
period  give  a  basis  for  comparison  with  the  earlier  period 
wiien  corrected  for  storage  effect.  These  considerations 
aie  more  fullv  explained  in  the  following  description  of 
Table  I. 

in  Tabic  1  the  tirst  and  second  columns  siiow  tile 
a\erage  montidy  flow  of  the  stream  in  thousands  of  acre 
feet  for  tile  two  periods  at  the  two  stations  selected. 
Coiunin  three  shows  the  gain  or  loss  in  flow  between  the 
two  stations.  Tiie  plus  sign  indicates  that  the  flow  at 
the  lower  station  is  greater,  and  hence  that  the  stream 
in  flowing  between  the  two  stations  has  gained  more 
water  by  inflow  of  tributaries  and  infiltration  of  groiuid 
w.-iter  tiian  it  has  lost  by  evaporation  and  percolation. 
Tile  minus  sign  indicates  that  the  reverse  is  true.  Column 
tour  is  computed  by  subtracting  the  change  of  the  first 
period  from  the  ciiange  of  the  corresponding  month  of  the 
later  period.  Tile  figures  in  column  four,  therefore, 
show  the  increase  or  decrease  of  tiie  difference  in  flow- 
between  the  stations. 

Column  five  headed  storage  effect,  was  computed  by 
subtracting  tiie  average  1920-1929  flow  at  Whalen  from 
tile  average  flow  for  the  corresponding  month  of  the 
earlier  period. 

The  figures  of  column  6,  called  the  inigation  effect, 
take  into  account  the  aggregate  of  the  changes  in  stream 
flow  due  to  irrigation.  The  plus  sign  indicates  that  the 
water  resources  of  a  stream  have  been  increased,  and  the 
minus  sign  indicates  a  depletion. 

Following  through  a  complete  example  for  the  month 
of  January,  it  will  be  observed  that  prior  to  1909  the 
stream  sustained  a  net  loss  of  5,000  acre  feet  between 
Whalen  and  Bridgeport.  During  the  period  1920-1929 
there  was  an  axerage  net  gain  of  91,000  acre  feet.  The 
dift'erent  conditions  of  the  later  period  are  therefore  as- 
sumed to  ha\e  produced  a  net  increase  in  the  flow  of  the 
stream  of  96,000  acre  feet.  But  the  average  flow  at 
Whalen  has  been  reduced  by  storage  regulation  by  44,000 
acre  feet.  The  total  effect  on  the  stream  as  a  result  of 
irrigation  has  therefore  been  to  theoretically  increase  the 
water  resources  for  January  by  140,000  acre  feet.  On 
the  other  hand  figures  for  the  month  of  August  indicate 
;i  net  depletion  .^69,000  acre  feet.  The  aggregate  effect 
for  a  vearlv  period  indicates  an  average  net  depletion  of 
294,000  acre  feet  from  1920  to  1929  inclusive. 

A  survey  of  reports  of  irrigated  area  shows  that  an 
average  of  264,000  acres  was  irrigated  annualh'  within 
the  period.  The  average  stream  depletion  based  on  the 
figures  given  would  therefore  be  about' 1.1  acre  feet  per 
acre.  The  calculations  would  serve  to  determine  the 
return  flow  directly  if  it  were  possible  to  determine, 
within  a  reasonable  degree  of  accuracy,  how  much  water 
could  be  considered  as  actually  diverted  from  the  stream. 
Such  a  determination  is  difficult  to  make  since  no  record 
was  kept  of  the  water  which  was  wasted  from  farm  units 
and  returned  to  the  stream  as  surface  drainage  between 
tile  two  stations.  Such  waste  water  cannot  be  considered 
:is  return  flow  in  the  sense  that  the  term  is  used.  Based 
on  the  available  figures  for  diversion  it  appears,  how- 
e\er,  that  from  65  to  75  per  cent  of  the  water  diverted 
e\entually  returns  to  the  stream  as  return  flow. 

The  results  of  the  study  based  on  transpiration  re- 
quirements were  not  sufficientlx'  conclusive  to  be  pre- 
sented  in  tiiis  discussion. 

(Continued  on  Pui/c  22) 
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THERE  are  at  least  three  distinct  ways  in  which 
metals  tail  in  mechanical  strength.  These  three 
ways  may  be  characterized  as  (  1  )  Slip,  or  failure 
of  elastic  properties,  (2)  Creep,  or  a  slow  continuing 
flow  as  of  a  very  viscous  liquid,  and  (3)  Fracture.  As 
a  fourth  method  failure  by  corrosion  might  also  be  dis- 
cussed, but  as  corrosion  is  primarily  a  chemical  problem 
it  will  not  be  discussed  here,  except  to  note  tliat  the 
simultaneous  action  of  load  and  corrosion  is  much  more 
disastrous  than  the  action  of  either  by  itself. 

In  this  article  it  will  be  necessary  to  use  two  technical 
terms.  The  term  stress  will  be  used  to  denote  the  re- 
sisting intensity  of  internal  force  in  a  metal,  counter- 
balancing the  applied  load.  Stress  is  measured  in  pounds 
per  square  inch  and  the  maximum  stress  existing  in  any 
part  of  a  structural  or  machine  member  is  usually  con- 
sidered to  be  a  measure  of  its  liability  to  failure.  Stress 
is  computed,  usually  by  the  ordinary  formulas  of  en- 
gineering mechanics,  and  sometimes  by  the  elaborate 
formulas  of  the  mathematical  formula  of  elasticity.  None 
of  these  formulas  are  rigidly  correct  when  applied  to 
actual  materials,  which  are  never  perfectly  homogeneous, 
but  they  are  the  best  means  we  have  for  computing 
stresses. 

Strain  is  the  proportional  change  of  length  along  any 
line  in  a  structural  or  machine  member  under  load. 

Failure  by  slip  is  of  special  importance  in  structures, 
especially  in  structures  subjected  to  a  steady  load.  Failure 
by  slip  is  indicated  by  appreciable  permanent  distortion 
of  the  member,  such  as  a  distortion  as  shown  in  Fig. 
1.  For  members  subjected  to  tension,  such  as  chains  and 
tie  bars,  a  slight  distortion  may  not  cause  a  disastrous 
failure,  but  for  machine  tool  parts  such  a  distortion 
would  constitute  a  disastrous  failure.  In  compression, 
failure  by  slip  is  likely  to  be  followed  by  buckling  and 
collapse  as  is  shown  in  Fig.  2.  Strength  to  resist  failure 
by  slip  is  probably  the  outstanding  requirement  for  com- 
pression members. 


fit/iir 


C.'illapse  hy  buckling  of  a  steel  eohimn  stressed 
to  the  yield  point. 


When  we  examine  under  the  microscope  a  piece  ol 
metal  which  has  developed  appreciable  slip,  the  sig- 
nificance of  that  term  is  at  once  apparent.  Fig.  3  illus- 
trates this.  It  can  be  seen  that  the  metal  is  made  up 
of  irregular  crystalline  grains,  and  that  some  of  the 
grains  apparently  have  split  up  into  thin  plates  which 
have  slid  over  each  other  a  little  ways,  like  a  pile  ot 
boards  or  pack  of  cards  subjected  to  sidewise  pressure. 
If    we    ask    the    latest    arrival    in    the    materials    testing 


laboratory,  the  X-ray  specialist,  how  the  atoms  behave 
when  slip  takes  place,  he  will  probably  say,  that,  as  he 
pictures  the  case,  slip  means  a  disturbance  in  the  regular 
geometrical  arrangement  of  atoms  within  a  grain  of 
metal — the  space  lattice  as  it  is  called — the  breaking  of 
some  atomic  bonds,  the  bumping  along  of  the  divorced 
atoms  initil  they  find  new  mates,  perhaps  some  hundreds 
of  atoms  further  along.     At  any  e\ent,  slip  does  not  seem 


Figure  I:    Failure  of  a  ihciin  under  steady  tension. 
The   piece    of   chain   at    the   rifiht    hand    has   not   been   stressed   to  the 
eld    point,    while   the    piece   to    the   left    ha 
eld    point    and    slip    has    taken    place.      Th< 
me    lenmh    of    chain. 


been    .stressed   to   the 


to  necessitate  an  actual  fracture  in  an\  part  of  the  metal. 
The  test  for  slip  in  a  metal  is  the  test  for  that  much 
discussed  property  the  "elastic  limit."  Definitions  of 
elastic  limit,  and  various  names  such  as  proportional  limit 
and  yield  point  are  in  u.se  to  define  a  value  obtained  by 
certain  standards.  To  avoid  confusion  the  term  yield 
strength  will  be  used  in  this  paper  to  denote  the  stre.ss 
below  which  slip  in  the  metal  is  inappreciable  in  amount, 
and  above  which  it  becomes  appreciable,  and  is  shown 
by  abnormal  distortion.  It  is  evident  that  how  much 
slip  constitutes  "appreciable"  slip  is  a  matter  for  arbitrary 
definition,  varying  for  different  metals  and  for  different 
types  of  ser\ice. 
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As  noted  alii)\c,  tailiirc  b\-  sliji,  that  is,  tailurc  ot 
clastic  propt-rtii's,  is  the  type  of  failure  most  important 
to  the  structural  engineer. 

Failure  by  crcvfi  (or  flow)  is  a  phenomenon  whicii 
is  rapidly  becoming  of  importance,  especially  in  parts 
subjected    to  elevated    temperatures,   since   creep   becomes 
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Figure  3:    Slip  lines  in  crystalline  grains  of  iron  stressed  to 

yield   point. 
A,    a,    and    B,    indicate    slip    lines    (or    slip    bands)    at    planes    where 
sliding  has  taken  place. 

Masnification  350  times.      Micrograph  by   Prof.  T.   V'er  of   Budapest, 
t.'iken    in    the   metallographic    laboratories    of    the    ITniversity    of    Illinois. 

increasingly  evident  as  the  temperature  rises.  Failure  by 
slip  and  failure  by  creep  resemble  each  other  in  that  the\ 
both  appear  as  a  permanent  distortion  of  the  member. 
However,  they  seem  to  be  quite  different  in  their  nature. 
When  failure  occurs  by  slip,  if  the  load  is  left  on, 
the  slip  soon  stops  and  after  a  short  time  equilibrium 
is  established.     When  failure  occurs  by  creep  it  continues 


Figure  4. 

(a)  Unstressed    specimen    of    steel. 

(b)  Specimen     broken    after    several     thousand     cycles     of     reversed 
bending. 

(c)  Specimen   subjected  to  heavy  steady   flexural   load. 

indefinitely  under  continued  application  of  steady  load  ; 
the  material  acts  as  if  it  were  an  e.xtremely  viscous  liquid, 
like  a  very  strong  and  stiff  tar.     No  microscopic  studies 


as  >et  made  re\  eal  the  mechanism  of  flow  as  clearly  as 
the  mechanism  of  slip  is  revealetl  by  the  formation  of  slip 
bands.  Howe\er,  it  is  found  that  metals  with  large 
crystalline  grains  (as  seen  under  the  miscroscope)  seem 
to  be  more  resistant  to  flow  than  metals  with  small 
cr\stalline  grains.  This  is  just  the  reverse  of  the  case 
tor  resistance  to  slip.  Resistance  to  slip  seems  to  exi>t 
largely  on  account  of  the  mutual  interference  of  adjacent 
grains  with  their  slip  jilanes  in  different  directions.  This 
means  that  the  smaller  the  grains  and  the  larger  the 
number  in  a  given  volume,  the  greater  is  the  probability 
that  such  interference  will  be  effective.  The  resistance  of 
large  grained  metal  to  flow  suggests  the  hypothesis  that 
tlow  takes  place,  or  at  least  starts,  in  the  boundaries  be- 
tween grains.  These  boundaries  would  be  relatively 
smaller  in  a  large  grained  metal  than  in  small  grained.  It 
was  formerly  thought  that  such  grain  boundaries  were 
made  up  of  "amorphous"  metal, — that  is,  metal  without 
any  regular  arrangement  of  its  atoms  into  a  space  lattice. 
The  modern  view  is  that  these  boundaries  represent  a 
region    of    irregulai'    ;irrangement    of    atoms    due    to    the 


Figure  5:  Fractured  surface  of  specimen  •w/iic/i  failed  after 
se-veral  thousand  cycles  of  reversed  bending  ("fatigue"  failure). 
Note  the  jagt^ed  "crystalline"  lens-shaped  core  and  the  comparatively 
smooth  outer  surfaces.  "Fatigue"  cracks  started  at  A  and  B  and  gradu- 
ally spread  inward.  When  the  effective  area  had  been  reduced  to  the 
lens-shaped    area    the    specimen    suddenly    snapped    in   two. 

joining  of  two  crystals  with  differently  oriented  space 
lattices.  In  either  event,  the  grain  boundary  might  be 
expected  to  act  more  like  a  liquid  than  does  the  crystal- 
line grain  with  its  regular  arrangement  of  atoms  into  a 
space  lattice. 

It  is  not  yet  certain  whether  for  any  metal  there 
is  a  "creep  strength,"  a  stress  below  which  no  appreciable 
creep  takes  place,  or  whether  some  minute  creep  takes 
place  under  all  loads.  Long  time  tests  for  creep,  tests 
covering  ten  thousand  hours  or  more,  show  creep 
present  for  stresses  below  any  "elastic  limit"  determined 
by  a  short-time  test  at  a  high  temperature.  The  further 
investigation  of  limiting  stresses  for  creep  is  greatly 
needed,  and,  in  the  very  nature  of  the  tests,  it  is  a  very 
slow  investigation  to  carry  out.  Some  metals,  notably 
lead,  exhibit  appreciable  cre;ep  at  ordinary  room  tempera- 
t\ires  under  stresses  as  low  as  440  lb.  per  sq.  in. 

As  noted  previously,  failure  by  creep  is  of  importance 
(Continued  on  Page  20) 
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The  lillf  is  taken  from  the  expression  on  page  12S  of  the 
University  of  Illinois  Bulletin  for  the  year  1929-30,  inhere  the 
senior  eii'il  mgineerinij  inspection  trip  is  listed  as  "C.  E.  W,  0 
hour  credit."  The  style  of  this  paper  may  not  be  that  of  a  formal 
report  such  as  one  ii-ould  expect  on  a  subject  of  this  type.  My 
apology  is  that  1  may  liave  occasion  to  sit  down  some  rainy 
Saturday  afternoon,  such  as  this,  ten  or  fn'cnly  years  from  noix:, 
tune  in  to  the  .Irmy-Motre  Dame  football  game,  pick  up  this  and 
scan  it  as  a  story  of  just  one  incident  of  an  enjoyable  year  and 
not  as  a  table  of  dimensions,  pressure  heads  and  formulas. 

The  Author. 

THE  afternoon  of  October  21  rolled  around  finding 
a  little  group  of  sturdy-charactered  \ouths  cussing 
iHider  their  breaths  because  they  had  to  wear  a 
necktie  to  C.  E.  71  class  and  not  only  this  but  sit 
through  three  long  hours  waiting  for  3:50  p.  m.,  which 
time  virtually  meant  the  start  of  a  week  of  vacation  for 
the  seventy-four  of  them.  They  had  already  become  tired, 
weary  and  stale  from  hour  after  hour  of  hard  tedious 
labor  designing  a  typical  bay  for  aisle  B,  wondering  what 
the  phrases  annuity  certain,  present  worth,  and  other 
liumorous  expressions  meant  or  worse  yet  that  most  in- 
triguing problem  in  theory  of  statically  indeterminate 
structures.  Professor  Huntington's  system  of  grading. 
Putting  it  simply,  in  the  words  of  the  mono-syllable 
vocabularied  engineer,  we  were  very  tired  and  needed 
rest.  We  got  it,  from  4:00  P.  M.  until  H  :00  P.  M., 
thanks  to  the  Greyhound  Motor-bus  company. 

The  following  morning  the  Keokuk  power  plant  on 
the  Mississippi  was  taken  by  storm.  There  probabh 
hadn't  been  so  many  engineers  standing  around  the  place 
since  the  contractor  pulled  oil  the  job. 

The  general  layout  of  the  plant  is  shown  in  figiue  1. 
I  was  first  impressed  by  the  deplorable  condition  of 
the  concrete  masonry  in  the  entire  structure.  The  unused 
turbine  wells  outside  and  to  the  south  of  the  power  house 
liresented  the  appearance  of  the  ruins  of  some  ancient 
Grecian   temple  that  had    recently   been   unearthed. 


figure  1 

Upon  questioning  the  guide  I  found  that  these  had 
been  set  in  place  in  conjunction  with  the  main  and  first 
construction  of  the  plant  for  use  in  future  expansion  and 
development  because  of  the  fact  that  the  United  States 
government  will  not  allow  further  construction  on  this 
site.  These  will  never  be  used,  however,  for  there  is  a 
new  project  going  on  some  distance  down  the  river.  As 
an  explanation  of  the  condition  of  the  concrete  he  blamed 


the  long  havil  of  the  mix  which  was  from  the  other  side 
of  the  river,  a  distance  1  should  judge  of  one-half  a  mile. 
At  the  Central  concrete  mixing  plant  of  the  General 
Materials  company,  Saint  Louis,  we  learned  that  a  short 
lag  after  mix  was  an  advantage,  so  I  am  still  up  in  the 
air. 

I  was  one  of  the  few  fortunate  ones  to  go  down  into 
a  turbine  well,  that  turbine  being  repaired.  Upon  de- 
scending I  noticed  the  thickness  of  the  main  floor  slab — 
about  five  feet.  The  fifteen  turbines  operated  are  I.  P. 
Morris,  10,000  H.  P.  The  main  bearings  of  these  carry 
35,000  pounds  and  are  supplied  with  oil  pumped  at  210 
pounds  per  square  inch.     The\-  operate  at  ^7.7  R.   P.  M. 


Figure  2 

with  a  head  of  27  feet.  The  governors  on  the  generators 
appear  to  be  very  complicated  pieces  of  machinery.  They 
operate  a  double  signal  system  in  the  operator's  cab  over- 
head such  that  he  sees  on  a  board  every  thing  that  goes  on 
every  place  all  of  the  time. 

Galvanized  iron  busses  on  transformers  and  other 
electrical  connections  were  first  used  in  this  plant..  There 
are  some  good  examples  of  crane  runway  girders  and 
traveling  cranes  running  the  full  length  of  the  building, 
which  is  920  feet  long. 

The  Municipal  Airport  of  Saint  Louis.  Saint  Louis, 
once  a  great  mid-continejital  harbor,  is  now  a  dirty  rail- 
road center.  It  seems,  however,  to  be  several  laps  ahead 
of  Chicago  as  far  as  municipal  airport  development  is 
concerned.  They  have  square  yard  after  square  yard  of 
runway  spread  all  over  a  field  of  550  acres.  The  special 
preparation  of  the  content  of  these  runways  is  a  feature 
well  worth  mentioning.  First  the  vegetable  matter  was 
removed  from  the  field.  The  course  of  a  drainage  stream 
flowing  directly  across  the  field  was  diverted  and  now 
flows  around  as  shown  in  figure  2.  The  field  is  drained 
to  1.4  inches  per  hour  or  about  42  cubic  feet  per  hour 
during  storms  by  means  of  a  tile  system  hurried  in  a  bed 
of  gravel.  Li  grading  this  field  275,000  cubic  yards  of 
earth  were  brought  to  Ie\el  at  the  cost  of  $0.25  per  cubic 
yard.     It  was  then  pulverized  and  oiled. 

The  runways  arc  a  macadam  mix  of  oil,  stone  and 
earth.  They  are  100  feet  wide,  2,500  feet  in  length  and 
grade  to  1   per  cent  for  drainage.     The  process  is  some- 
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thinj;  like  this:  )j  \;iril  of  stoni'  mixed  with  ]^  yaril  of 
oileil  primeil  earth  aiul  23  Kallons  of  asphalt  cutback. 
One  cubic  yard  of  this  stuff  will  cover  6J{.  square  \ariis 
of  surface.  After  this  mix  is  spread  .2  of  a  gallon  of 
cutback  goes  on  top  and  .15  of  a  gallon  of  road  oil  to 
maintain  it.  Stone  chips  are  spread  on  top  of  this  and  the 
whole  thing  is  dragged  and  rolled.  This  makes  a  4-inch 
pavement  costing  $1.05  a  square  yard,  about  one-half  the 
price  of  concrete.  The  whole  process  is  new  and  is  more 
or  less  experimental,  but  this  combination  seems  to  make 
a  well  drained,  hard  surfaced,  tough  and  comparatively 
cheap  material. 

The  cost  of  grailing  and  preparing  this  field  amounts 
to  $185,600.  drainage  $54,.500  and  the  cost  of  land  $140,- 
000,  which  is  tax  payers'  money  invested  with  as  yet  no 
material  return.  Traffic  at  this  airport  over  a  four 
months  period  was  52  ships  in  averaging  five  passengers 
to  a  ship. 
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At  the  Mississippi  Valley  Structural  Steel  Company 
I  saw  for  the  first  time  the  cutting,  squaring  off  and 
grinding  of  beam  sections ;  also  several  built  up  plate 
girders  in  the  making.  I  noticed  in  this  place  three  jib 
cranes  of  the  type  given  to  us  in  a  problem  in  C.  E.  82. 

The  Anheuser-Busch  Company. — Not  being  a  fiend 
for  near  beer  or  the  like  and  being  of  strong  enough 
character  to  refuse,  I  enjoyed  the  luncheon  and  entertain- 
ment furnished  us.  This  mass  of  brew  machines,  beer 
bottles,  diesel  engines,  coal  yards,  malt,  cheese,  yeast, 
cattle-feed,  concrete  columns,  and  sawtooth  roofs  was 
enough  to  amaze  even  the  most  disinterested  visitor.  This 
conglomeration  covers  seventy-one  city  blocks  with  one 
hundred  and  seven  buildings  worth  $60,000,000.  One 
could  have  easily  and  profitably  spent  a  week  in  this 
place.  I  noticed  the  expansion  joints  in  the  nil  concrete 
saw  tooth  roofs  (figure  3). 

I  have  mentioned  the  General  Materials  Company. 
The  advantages  of  the  central  mixing  plant  as  presented 
by  them  are  these:  The  loading,  hauling,  and  unloading 
of  materials  is  concentrated.  They  do  not  have  to  be 
hauled  to  the  job  individually.  This  concentration  affords 
more  accurate  and  consistent  measurement,  and  a  more 
careful  watch  on  time  of  mix.  It  affords  the  advantage 
of  a  laboratory  w-hich  no  contractor  will  take  time,  money 
or  trouble  to  establish.  The  result  is  improved  quality, 
increased  strength  and  ultimately  a  quicker  final  placing 
of  the  mix.  The  compan\-  has  placed  as  much  as  600 
cubic  yards  in  an  8-hour  day  with  no  appreciable  increase 
in  cost.  Their  length  of  haul  has  been  as  long  as 
fourteen  miles.  They  explained  that  a  time  lag  of  as 
much  as  one-half  an  hour  is  beneficial  to  the  concrete, 
allows  for  shrinkage,  etc.  They  deliver  by  truck  mixer 
or  agitator,  which  is  merely  an  ordinary  mixer  on  a  truck 
chasis,  to  any  job  from  ash  pit  to  boulevard.  One  of  their 
bigger  jobs  consisted  of  40,000  cubic  yards  costing  one- 
half  a  million  dollars. 

Saint  Louis  has  a  new  arena,  unique  in  its  roof  con- 
struction, which  is  a  lattice  work  of  4"xl8"  struts.  It 
is  400  feet  in  length,  232  feet  wide,  and  135  feet  high. 
It  will  seat  13,500.    The  building  has  been  heated  to  70' 


with  an  outside  temperature  of  -5°.  It  was  built  at  a 
cost  of  $5,000,000  in  ten  months,  and  seems  to  be  a  pay- 
ing proposition,  housing  everything  from  Lutheran  con- 
\  entions  to  stock  shows  and  hockey  meets. 

The  Park  Plaza  hotel  is  a  new  thirty  story  apart- 
ment hotel.  This  building  is  of  steel  and  concrete  con- 
struction. There  is  nothing  out  of  the  ordinary  except 
rile  use  of  cinder  concrete  in  the  floors  and  the  wind 
bracing  perpendicular  to  the  plane  of  the  outside  walls 
in  the  upper  stories.  The  main  floor  lobby  is  very  plain 
and  in  modern  taste. 

About  dusk  we  descended  into  the  River  des  Peres. 
This  is  merely  a  huge  storm  sewer  which  has  recently 
been  completed.  Its  twin  tunnel  construction  is  interest- 
ing, although  the  work  was  done  in  open  ditch. 

More  remarkable  to  me  than  the  distilleries  of  the 
Anheuser-Busch  were  the  "distilleries"  of  the  Saint  Louis 
Water  Purification  System.  We  saw  the  muddy  waters 
of  the  Mississippi  transformed  into  a  sparkling  clear  blue 
beverage  with  only  an  occasional  turtle  or  tadpole.  Two 
hundred  million  g.  p.  d.  is  the  capacity  of  the  Chain  of 
Rocks  plant  through  forty  filters.  This  plant  is  located 
below  the  intersection  of  the  Missouri  and  Mississippi 
rivers  just  south  of  the  Chain  of  Rocks  bridge.  It  sup- 
plies Saint  Louis  through  a  gravity  system.  It  is  interest- 
ing to  note  that  the  waters  from  these  two  rivers  do  not 
mix.  One  hundred  seventeen  thousand  eight  hundred 
tons  of  sand  are  removed  at  this  point  per  year,  proving 
that  there  is  not  only  water  in  a  river.  In  the  station 
there  are  several  huge  pumps  which  pump  1,650  gallons 
per  revolution  or  about  30,000,000  gallons  in  twenty- 
four  hours.  I  heard  it  mentioned  that  nothing  is  put 
into  this  water  but  plenty  taken  out.  The  filter  sand 
has  never  been  changed  in  the  twelve  years  of  operation 
and  only  a  few  yards  of  sand  have  been  added.  The  sand 
is  washed  once  in  about  every  ninety  hours. 

The  Chain  of  Rocks  bridge  above  mentioned  is  a  new 
seven-span  inclined-top-chord  truss  structure  erected  at 
the  cost  of  $2,000,000.  It  has  a  traffic  lane  20  feet  in 
width,  consisting  of  a  6-inch  concrete  slab.  The  steel  in 
the  bridge  itself  is  of  24,000  poimd  silicon  steel  for  ten- 
sion and  16,000  pound  carbon  steel  for  compression  based 
on   15,000— /';-. 

^A  unique  thing  concerning  this  bridge  is  that  in 
choosing  a  site  it  was  found  that  the  only  advantageous 
position  was  one  which  necessitated  an  angle  in  the  center 
line  of  about  27  degrees.  In  allowing  for  expansion  it 
happened  that  the  main  expansion  joint  came  at  this 
point.  This  was  taken  care  of  by  an  arrangement  some- 
thing like  the  interlocking  of  two  steel  combs. 

A  trip  through  the  Missouri  Portland  Cement  Com- 
pany brought  to  light  a  good  many  things  I  had  heard 
about  in  C.  E.  95  but  had  never  seen,  particularly  the 
kilns.  I  have  included  an  itinerary  of  the  trip  rather 
than  go  through  any  long  detailed  explanation  of  the 
process. 

On  our  last  afternoon  in  Saint  Louis  we  boarded  the 
Ernst  us  Wells  for  a  ten  mile  trip  up  and  down  the  river. 
This  gave  us  an  opportunity  to  obtain  a  better  view  of 
the  river  bridges,  also  the  St.  Louis  skyline. 

The  Eades  bridge  was  more  striking  to  me  than  any 
of  the  others.  It  is  an  old  steel  arched  truss,  the  bottom 
choni  and  other  membeis  of  which  are  built  of  steel  pipe. 
These  pipes  are  made  out  of  longitudinal  pieces  of  steel 
like  barrel  staves  and  the  pipe  is  put  together  like  that  of 
an  ordinary  barrel.  These  have  a  series  of  flanges  at 
each  end  and  as  two  ends  are  put  together  a  sleeve  having 
alternate  flanges  on  the  inside  fits  over  and  interlocks 
(Continiiid  on  Page  26) 
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A  New  Era  In  Pipe-Line  Transportation 


F.  E.  Hangs  '32 


LIQL  ID  petroleum  gathered  b>  tlie  simple  expedient 
of  soaking  up  the  film  on  Oil  creek  with  a  blanket, 
in  Venango  County  Western  Pennsylvania  in  1852, 
was  bottled  and  sold  under  the  fanciful  names  of  "Amer- 
ican Meilical  Oil,"  and  "Seneca  Oil."  This  marks  the 
birth  of  the  Petroleum  industry.  In  the  past  seventy 
years  this  has  ranked  as  one  of  the  nation's  foremost  in- 
dustries,  second   only   to   agriculture   and   the    railroads. 

Certainly  the  search  for  wealth  in  "liquid  gold"  has 
offered  all  the  romance  and  glamour  of  any  other  min- 
eral. Its  early  history  is  full  of  thrilling  and  picturesque 
events.  Some  ambitious  boatmen  floated  two  barrels  of 
oil  down  to  Pittsburgh  in  the  early  eighteen-sixties.  The 
market  was  flooded.  Thus  early  were  the  evils  and  wastes 
of  over-production  forced  upon  the  attention  of  pro- 
ducers. 

Larger  production  after  the  advent  of  oil  wells  and 
the  Civil  war  presented  a  difficult  transportation  prob- 
lem. An  ex-cavalry  officer  organized  a  spectacular  end- 
less caravan,  to  take  the  oil  in  barrels,  five  to  seven  to 
a  wagon,  to  (^il  City  on  the  Alleghany  or  to  some  rail- 
road point  where  wooden  \ats  on  flat  cars  were  pressed 
into  service.  Some  six  thousand  men  and  teams  were  em- 
ployed.   Roads   became   quagmires.     Wagons   sank   to   the 


axles.  Horses  floundering  in  the  oily  mud  lost  the  greater 
part  of  their  hair.  Teamsters  tore  down  fences  only  to 
widen  the  quagmire. 

.Another  transportation  expedient  was  that  of  artifi- 
cial freshlets  on  Oil  creek.  Dams  were  built  and  at  a 
specified  time  on  Wednesdays  and  Saturdays  the  flood- 
gates were  opened.  From  two  to  over  seven  hundred 
craft  of  all  descriptions  loaded  with  barrels  of  oil  a\\aited 
this  frcshlet  all  along  the  banks  below  the  dams  and  at- 
tempted to  ride  on  the  crest  of  water  to  the  Alleghain 
river.  Many  boats  floundered,  caught  on  sand  bars  oi' 
were  splintered  by  other  boats.  To  say  the  least  this 
was  a  hazardous  undertaking.  People  living  along  tin- 
banks  turned  out  to  see  this  spectacle.  Some  of  the  more 
thoughtful  individuals  provided  themselves  with  utensils 
and  \essels  to  skim  up  oil  lost  by  some  unfortunate  boat. 

The  first  attempts  to  build  a  pipe  line  to  convey  oil 
were  made  about  1865.  The  trials  were  unsuccessful  in 
themselves  as  the  lines  leaked  at  every  joint  and  little 
oil  was  delivered  at  the  end.  However,  the  principle  was 
demonstrated  as  sound.  The  enraged  teamsters  tore  up 
these  lines  and  threatened  the  builders.  The  successful 
line,   a  2"   one   later  in    1865,   was   four  miles   long   and 


delivered  800  barrels  a  day  but  this  had  to  be  protected 
by  armed  forces. 

The  development  of  pipe  lines  has  been  inevitable  and 
rapid.  From  humble  beginnings  a  vast  network  of  trunk 
and  gathering  lines  has  encompassed  the  L  nited  States. 
Crude  oils   from   mid-continent  fields  are  shipped   to  the 
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midwest,  the  Atlantic  seaboard  and  to  the  gulf  coast. 
Wyoming  oil  is  marketed  in  the  midwest  and  New  Eng- 
land by  pipe  line  companies.  Lower  freight  rates  than 
railroads  have  made  this  po.ssible;  in  a  pipe  line  only  the 
freight  moves.  Today  in  this  country  there  are  over 
102,000  miles  of  trunk  and  gathering  lines  valued  in  ex- 
cess of  two  billion  dollars.  A  billion  barrels  of  oil  are 
transported  to  refineries  and  shipping  points  each  year. 
The  functions  of  a  pipe  line  system  then,  are  to 
gather,  store  and  transport  oil.  Oil  is  stored  primarily  to 
have  a  reserve  stock  of  raw  material  on  hand.  Another 
important  reason  is  that  many  pipe  line  companies  buy 
oil  on  the  open  market  and  do  so  at  the  most  advan- 
tageous price  to  the  extent  of  their  storage  facilities. 
The  price  of  crude  fluctuates  the  same  as  any  other  com- 
modity. A  large  business  organization  is  essential  to  op- 
erate and  maintain  a  pipe  line  company.  Briefly  the 
order  of  operating  is  like  this.  Oil  is  produced  on  leases 
by  various  companies.  It  is  pumped  from  the  wells  and 
stored  in  production  tanks  on  these  leases.  A  ganger 
from  the  pipe  line  company  goes  with  a  representative 
of  the  production  company  and  measures  the  depth  of  oil 
in  each  tank.  A  table  gives  the  barrels  for  each  foot  and 
fractions  thereof   for  each  tank.   Records  or   run  tickets 
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are  kept  and  signed  b\'  each  man.  The  pipe  line  man 
now  takes  over  the  oil  utilizing  a  gathering  line  and  a 
steam  or  other  pump.  The  oil  is  then  transferred  to 
station  tanks  where  it  is  again  measured  and  further 
records  kept.  Sometimes  the  gathering  stations  pump  oil 
(Cinliiiur.i  on  Pa,/,-  22) 
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The  Perfect  University 

'riirouf^h  the  j;ray  haze  of  pipe  smoke  rise  the  turrets 
of  many  a  noble  castle.  Despite  the  wizardry  of  modern 
engineering,  these  dimly  seen  structures  are  still  the  only 
perfect  creations.  And  occasionally  one  lingers  long 
enough  in  view  to  be  observed  more  or  less  in  detail. 

So  to  us  in  the  sad  twilight  of  the  first  semester  came 
a  vision  of  the  perfect  university.  .  .  . 

The  professors  never  took  the  roll,  because  they 
realized  that  half  their  classes  were  dull  and  valueless 
to  the  ones  who  had  a  quick  grasp  on  studies,  and  be- 
cause they  know  that  the  remainder  of  the  absentees 
would  eliminate  themselves  without  the  need  of  limited- 
cut  rules. 

They  never  gave  ten-minute  quizzes,  because  someone 
had  found  out  that  students  attended  class  not  to  give 
evidence  of  having  studied  but  in  order  to  have  straight- 
ened out  for  them  the  points  which  they  had  not  been 
able  to  ferret  out  by  themselves. 

They  never  lectured,  because  even  the  simplest  of 
their  number  had  finally  realized  that  the  necessity  for 
lectures  had  been  done  away  with  generations  before  by 
one  Gutenburg. 

They  did  not  arrange  their  design  courses  in  semes- 
ters, because  some  deep  student  of  psychology  had  con- 
vinced them  it  was  not  worthwhile  to  combat  the  very 
human  tendency  to  procrastinate.  Instead,  they  gave  one 
course  at  a  time,  devoting  all  of  their  working  time  to  it 
until  the  course  was  finished.  Professors  who  asked  for 
special  reports  received  carefully  prepared  articles,  for 
even  the  procrastinator.  working  uniler  pressure  at  a  last 
minute  task,  could  turn  out  good  work  when  he  had 
only  one  piece  to  do. 

Each  student  worked  on  a  distinct  project.  Some 
civils  were  designing  factories  and  some  were  puzzling 
over  the  steel  requirements  of  a  power  plant.  Each  had 
chosen  the  subject  most  attractive  to  him,  after  a  personal 
consultation  with  his  instructors.  The>'  came  to  class 
about  eight  or  nine  in  the  morning,  and  some  lingered 
till  almost  dinner  time.  The  instructors  during  portions 
of  the  day  sat  in  swivel  chairs  and  discu.ssed  problems 
with  individuals  much  as  a  consulting  engineer  would 
advise  his  client.  Notices  were  posted  on  the  wall  that 
at  certain  other  hours  these  instructors  wo\dd  hold  classes 
on  matters  of  general  interest  for  all  wlio  might  wish  to 
attend. 


Only  a  short  period  was  spent  over  the  drafting  board 
with  the  detailing  of  structural  members,  for  just  the  year 
before,  the  last  faculty  member  had  admitted  that  there 
were  enough  technical  considerations  in  design  to  fill  all 
the  time  of  the  engineer  in  college,  and  that  detailing  was 
a  routine  he  could  pick  up  when  he  was  through  with 
university  training. 

They  never  assigned  problems  to  "work  out  and  hand 
in"  because  there  was  no  way  of  telling  which  students 
had  worked  them  and  which  had  copied  the  others'  work 
— which  obviously  completely  frustrated  the  sole  purpose 
of  such  an  assignment.  They  saw  that  the  good  student 
had  suffered,  who  had  failed  to  find  in  such  a  problem 
sufficient  meat  to  bother  spending  six  hours  cracking 
the  hull  for,  while  the  lazy  one  who  spent  fifteen  minutes 
copying  the  work  had  profited — and  so  they  gave  it  up. 

And  finally,  after  the  examination  papers  had  been 
read  carefully — final  examinations  were  still  given  be- 
cause every  one  knew  that  the  ability  to  do  a  certain 
amount  of  work  in  a  definite  number  of  hours  without  a 
library  at  hand  is  of  distinct  value  to  an  engineer — after 
these  papers  were  read,  we  say,  they  were  piled  in  a  wide 
open  space,  together  with  grade  hooks,  and  after  a  com- 
mittee from  the  office  of  the  dean  had  thoroughly  ran- 
sacked each  faculty  member's  home  and  searched  his 
person  for  lists  of  averages  and  other  devices  of  sorcery, 
those  professors  with  whom  such  paraphernalia  was  found 
were  added  to  the  pile,  and  the  whole  was  saturated 
with  kerosene  and  ignited.  The  remaining  professors 
then  returned  home  and  wrote  a  twenty  word  paragraph 
on  the  merits  of  each  of  his  students,  and  the  paragraphs 
were  filed  with  the  recorder. 


Combatting  Lack  of  Experience  With 
Technical  Reading 

The  greatest  hindrance  an  engineer  meets  after  get- 
ting out  of  school  is  his  lack  of  experience.  Since  it  is 
impossible  to  go  to  school  and  also  gain  a  great  deal  of 
experience  in  any  particular  line,  the  student  engineer 
should  devote  as  mucii  time  as  he  can  to  becoming  ac- 
quainted with  present-day  engineering  practices.  This 
can  only  be  accomplished  by  the  extensive  reading  or  the 
cvirrent  engineering  magazines.  Although  this  is  not  the 
(■i|ui\alent  of  actual  experience,  it  has  the  advantage  of 
broadening  the  student's  idea  of  what  is  being  done  in 
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the  field,  and  in  many  cases  may  show  a  practical   ap- 
plication of  some  of  the  theories  he  has  studied. 

What  makes  an  engineer?  Is  it  profound  knowledge 
of  the  principles  of  calculus  and  mechanics?  Is  it  a 
thorough  understanding  of  the  theory  of  the  least  square 
and  the  h\sterisis  curve?  It  is  granted  that  such  knowl- 
edge would  be  a  great  asset,  but  of  equal  importance  is 
the  understanding  of  practical  instances  where  this 
knowledge  can  be  applied.  We  know  a  man  who  is  a 
wizard  with  figures;  he  can  multiply  three  five-digit 
numbers  mentally  in  about  six  seconds.  The  only  stumb- 
ling-block to  his  rapid  rise  to  fame  is  that,  for  the  past 
four  years,  he  has  been  the  inmate  of  an  insane  asylum. 
He  lacks  common  sense  and  the  ability  to  put  his  talent  to 
practical  use. 

We  great!)'  fear  that  man\  engineers,  when  they  get 
out  of  school,  will  be  in  a  somewhat  similar  condition. 
There  are  students  who  can  calculate  the  moments  of 
inertia  of  composite  bodies  in  their  sleep,  but  they  ha\e 
no  idea  for  the  practical  application  of  moment  of  inertia 
other  than  its  use  in  the  flexure  forniida.  Probably  one 
of  the  most  spectacular  of  engineering  feats  to  be  accom- 
plished recently  was  the  blasting  of  a  precast  dam  into  its 
position  in  a  river.  This  feat  required  that  the  moment 
of  inertia  of  the  dam  be  calculated.  However,  when  you 
explain  this  application  to  some  of  the  so-called  "bril- 
liant" students,  they  look  at  you  as  if  you  were  a  second 
Haron  Munchausen  or  Ananias.  In  fact,  most  of  them 
have  probably  never  heard  of  this  project,  although  it 
has  been  given  a  great  deal  of  publicity  in  several  en- 
gineering magazines. 

All  of  this  goes  to  proNC  that  many  excellent  stu- 
dents have  only  slight  ideas  of  what  they  can  do  with 
their  knowledge  after  they  have  acquired  it.  It  is  really 
regretable,  for  it  would  be  far  better  to  say  to  a  pros- 
pective employer,  "Well,  I  know  this  and  that  about  the 
construction  features  of  the  Hetch-Hetchy  project,"  than 
it  would  be  to  say,  "For  a  cone,  I  is  e<]ual  to  .3/10  Mr-.  ' 

— H.   DUNKER. 


Let  Us  Be  Fair 


The  L  A  &  S  student  has  a  secret  awe  for  the  engi- 
neer, whom  he  considers  as  effecting  stupendous  achieve- 
ments through  the  use  of  his  mystical  slide  rule,  x's,  y's, 
and  z's,  empirical  formulas,  and  incomprehensible  com- 
putations, and  yet  openly  he  holds  him  up  as  an  object 
for  derision,  who  "wears  sloppy  clothes,  is  self -centered, 
and  has  no  use  for  the  aesthetic  side  of  life." 

The  engineering  student  more  or  less  envies  those  in 
the  other  schools  of  the  university  for  their  various  abili- 
ties to  make  the  English  language  express  their  thoughts 
in  a  fascinating  wa\,  or  to  discuss  the  psychological  aspect 
of  a  given  action,  or  the  economic  aspect  of  a  given  situ- 
ation, and  yet  he  openly  ridicules  the  other  for  not  ac- 
complishing anything  definite,  or  material,  or  for  not 
being  a  real  "he-man,"  but  instead  being  one  given  over 
to  the  pleasures  of  life,  and  afraid  of  real  work. 

When  the  L  A  &  S  student  takes  some  engineering 
subjects,  his  own  fellows  wonder  why  he  wastes  his  time 
on  any  of  it,  and  the  engineer  wonders  why  he  hasn't 
sense  enough  to  remain  entirely  within  the  engineering 
school,  and  then  dismisses  the  idea  with,  "Oh,  he  hasn't 
brains  enough."  This  same  feeling  is  reciprocated  when 
the  situation  is  reversed.  "Oh  well,  an  engineer  has  to 
know  how  to  read  and  write  ami  sign  his  name,  1  sup- 
pose!"— sucli  is  perhaps  the  attitude. 

No  matter  how  often  it  hajipens,  people  are  surpiised 
when  an  engineer  is  discovered  to  be  a  noted  writer,  or 
to  have  a  sartorial  taste  comparable  with  that  of  anyone 


noted  for  such  things;  engineers  are  surprised  to  find 
the  layman  agrees  with  them  on  almost  everything,  and 
is  thoroughly  in  sympathy  with  the  difficulties  they  have 
to  labor  against. 

Why  can't  the  various  types  of  students  get  together 
and  say,  "Here,  you  can  do  this  better  than  I  can;  you 
do  this;  I  can  do  that  better  than  you  can:  I'll  do  that. 
Let's  all  get  together  and  help  each  other  out." 

Let's    have    a    little    more    praise,    and    less    ridicule! 

^W.'^LTER    A.    CaRI.SOX. 


A  Corduroy  Cotillion 

There  has  been  considerable  agitation  to  revive  the 
animal  Corduroy  Cotillion,  which  last  winter  failed  to 
materialize  on  account  of  the  hibernation  of  the  En- 
gineering Council.  Class  dances  have  been  increasing  in 
popularity  this  year  and  there  is  every  reason  to  believe 
that  the  engineering  school  could  make  a  succe.ss  of  their 
frolic. 

With  the  fraternity  dance  season  in  the  offing,  what 
is  done  must  be  done  quickly.  Leaders  of  various  en- 
gineering groups  have  expressed  themselves  as  favorable 
to  the  idea  and  willing  to  back  it  up.  It  will  be  the  re- 
sponse of  individual  engineers,  however,  in  the  matter  of 
pLirchasing  tickets,  which  will  put  the  dance  over  prop- 
erly. 

The  fact  that  this  is  a  unique  e\ent — not  just  another 
dance — should  be  a  big  selling  point.  Whipcords,  Cordu- 
roys, boots  and  jackets  for  the  men — and  heaven  knows 
what  the  women  will  wear!  Surprises  in  the  decorations 
and  the  programs,  and  an  extra  fine  band  to  furnish  the 
music.  We  hope  the  tickets  will  go  fast  when  they  are 
put  on  sale. 


These  (Undiiroys 


It  is  with  a  decided  feeling  of  disgust  that  we  gaze 
on  the  increasing  numbers  of  corduroys  appearing  on  the 
north-of-(jreen-street  campus.  A  large  percentage  of  the 
engineering  school  takes  pride  in  presenting  a  respectable 
appearance,  and  it  had  seemed  to  us  that  Illinois  had 
almost  a  tradition  of  conventional  dress  among  its  en- 
gineering students. 

Certainly  such  a  tradition  is  admirable.  And  unusual. 
When  one  enters  buildings  on  other  campuses,  and  sees 
smoking  in  the  halls,  he  is  likely  to  think  of  the  Illini's 
no-smoking  tradition  as  unnecessary  or  bothersome,  but 
when  one  sees  big  bold  buccanneers  banging  boots  down 
the  hallways  of  these  foreign  campuses  he  breathes  only 
a  prayer  of  thankfulness  that  folks  back  home  don't  do 
that  way. 

We  suggest,  therefore,  that  our  corduroy  cohort 
adopt  flaming  lumberjacks  and  wide-brimmed  sombreros 
as  well,  so  that  the  rest  of  the  university  can  brand  them 
defim'tely  as  freaks  instead  of  grinning  with  glee  as  their 
eyes  fall  on  what  they  love  to  designate  as  a  Typical 
I'.ngineer. 

Nothing  said  here  is  directed  against  the  plans  for 
the  cotillion  mentioned  elsewhere  on  this  page.  Hut  it 
seems  to  us  there  is  quite  a  difference  between  costuming 
every  day  of  the  week  and  "dolling  up"  for  a  party.  Our 
campus  elite  have  their  Axe-Grinders'  ball,  but  none  of 
them  stroll  down  (ireen  street  next  moriu'ng  in  the  apache 
costumes  of  the  night  before.  Similarly,  it  seems  that 
after  our  Corduroy  Cotillion  the  he-man  costumes  could 
well  be  laid  away  and  forgotten. 
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NOTES 


Y.  and  A.  iVl.  Departinent 

Pr(iti">sors  Enger  ami  ralhnt  attended 
the  annual  meeting  of  the  A.  S.  C.  F.. 
held  in  New  York  Citv  during  the  week 
of  January  19-23.  Professor  Monre  at- 
tended a  ineeting  of  the  American  As- 
sociation for  the  Advancemetit  of  Science 
in  Cleveland.  Professor  Moore  is  vice- 
president  of  the  Engineering  Section. 
Professors  Westergaard  and  Richart  at- 
tended a  meeting  of  the  Highway  Re- 
search Hoard.  Professor  Westergaard  is 
a  member  of  the  committee  on  Structural 
Design  of  Roads.  Professor  Richart  is  a 
member  of  the  committees  on  "Use  of  Rail 
Steel  as  Reinforcing  Steel  for  Concrete" 
and   "X'olumetric  Changes  of  Concrete." 

The  committee  on  Use  of  Rail  Steel  as 
Reinforcing  Steel  for  Concrete  is  review- 
ing and  correlating  all  test  material  on 
this  subject  with  the  view  of  finally 
making  recommendation  as  to  where  it 
may  or  may  not  be  used.  The  reinforcing 
bars  are  made  by  heating  and  rerolling 
old,  discarded  rail  sections.  The  prin- 
cipal drawback  has  been  the  hrittleness  of 
the  bars,  so  made  because  of  the  high 
carbon  content  in  the  rail  steel.  If  uses 
can  be  found  for  such  a  reinforcing  bar 
there  uill  result  a  large  economic  saving 
for  both  the  consumer   and   manufacturer. 

Professor  Richart  and  (i.  C.  Staehle 
have  issued  a  progress  report  on  the  "In- 
vestigation of  Reinforced  Coiicrete 
Columns."  This  is  an  investigation  of  the 
Engineering  Experiment  Station  in  co- 
operation with  the  American  Concrete 
Institute.  The  greater  part  of  the  testing 
has  been  completed.  This  included  the 
making  and  testing  of  331  columns  vary- 
ing in  size  from  8"  to  32"  in  diameter 
and  5  feet  to  17.5  feet  in  length.  A  por- 
tion of  the  columns  are  being  tested  for 
a  period  of  a  year,  some  under  a  constant 
load  and  some  under  no  load.  This  is  ex- 
pected to  furnish  information  on  the 
plastic  flow  of  concrete  under  load.  The 
larger  columns  were  tested  to  determine 
whether  design  data  used  for  small 
columns  held  true  for  large  columns.  The 
testing  of  these  large  32-inch  columns  was 
only  made  possible  through  the  new 
3,000,000  pound  Southwork  Emery  Test- 
ing Machine.  The  Laboratory  of  .Applied 
Mechanics  at  the  I*,  of  I.  is  one  of  the 
best  e(|uippcd   laboratories  in  the   world. 


Ceramics 

The  American  Ceramic  Society  will 
hold  its  annual  meeting  in  Cleveland.  ()., 
February  22-28.  The  meeting  will  be 
divided  up  into  seven  phases  pertaining 
to  Ceramics  and  many  technical  papers 
will   be   presented. 

Professor  Parmelee  of  the  Ceramic  Oe- 
partment,  who  has  been  gone  from  the 
Cniversity  since  last  summer,  is  at  present 
in  Berlin.  He  has  been  traveling  through 
various  parts  of  Europe  and  expects  to 
be  in  Herlin  for  some  time.  During  his 
trip  he  is  visiting  numerous  plants  and 
technical  laboratories,  and  has  been  doing 


considerable   writing. 

Bulletin  No.  52,  "The  Flffect  of  Furnace 
(Jases  on  the  Quality  of  E^namels"  was 
recently  published  by  Professors  .Andrews 
and    llertzell. 

Professor  Hertzeli  \vill  give  some 
lectures  to  the  Ceramic  Short  Course  at 
the  I'niversity  of  Alabama  during  the 
first    part   of    February. 

R.  D.  Rudd,  formerly  research  assistant 
in  Ceramics  at  the  Experiment  Station,  is 
now  living  in  Phoenix,  Arizona.  Mr. 
Rudd  left  on  account  of  ill  health  and  ac- 
cording to  letters  received  from  him  re- 
cently, his  health  has  improved  very 
much. 


Mechanical  Engineerinj* 

Prof.  A.  C.  Willard  and  Prof.  A.  P. 
Kratz  attended  the  meeting  of,  the  .'\meri- 
can  Society  of  Heating  and  Ventilating 
Engineers  held  in  Pittsburgh,  January  26- 
29.  They  presented  a  paper,  prepared 
jointly,  on  "Heat  Emission  from  the 
Surfaces  of  Cast  Iron  and  Copper 
Cylinders  Heated  with  Low  Pressure 
Steam." 

Chicago  proved  to  be  the  mecca  or 
Mechanical  Engineers  from  February  10 
to  14,  with  the  fifth  Midwest  Power 
Engineering  Conference,  the  fourth  Na- 
tional Fuels  meeting  of  the  A.  S.  M.  E., 
and  the  fifth  Midwest  Power  Exposition, 
convening  during  those  four  days.  Pro- 
fessor WMllard,  a  conference  representa- 
tive of  the  fifth  Midwest  Power  Engineer- 
ing Conference,  and  many  others  of  the 
department   attended   these   meetings. 

The  following  research  work  is  being 
done  under  the  direction  of  this  depart- 
ment: Furnace  Research,  in  co-operation 
with  the  National  Warm  .Air  Heating 
.Association ;  Direct  Steam  and  Hot 
Water  Heating,  in  co-operation  with  In- 
stitute of  Boiler  and  Radiator  Manu- 
facturers; Research  in  Mechanical  Re- 
frigeration; Radiometric  Study  of  Ex- 
plosions in  a  Gasolene  Engine ;  Flow  of 
.Air  through  Orifices;  Investigation  of 
Northern  Illinois  Coke,  in  co-operation 
with  the  Zeigler  Coal  and  Coke  Co.; 
Research  on  Performance  Studies  of  Spur 
Clears;  Performance  Studies  of  a  Stoker 
Boiler  I'nit;  Investigation  of  Efficiency  of 
Power  Screws  and  Collar  Thrust  Hearings 
and  an  Investigation  of  the  Proposed 
Chicago   Subway. 

Prof.  J.  .A.  Poison's  book,  "Internal 
Combustion  Engines"  published  by  Wiley 
and  Sons  is  expected  off  the  press  in  time 
to  be   used   the  second   semester. 


Professor  G.  L.  Clark  of  the  depart- 
ment of  chemistry  spoke  before  the  Janu- 
ary 14  meeting  of  the  student  chapter  of 
the  .American  Society  of  Mechanical  Ei\- 
gineers  on  the  subject  of  the  X-ray,  and 
especially  its  interest  to  the  mechanical 
engineer. 

Accompanying  his  lectures  by  slides,  he 
began  by  saying  that  since  the  discovery 
of   the   X-ray   by  Rontgen   great   advances 


have  been  made,  which  in  themselves 
have  served  to  indicate  and  open  up  new- 
fields  of  research.  Of  course,  the  X-ray 
is  indispensable  in  numerous  instances  of 
medical  diagnosis,  as  in  the  case  of  frac- 
tures, leprosy,  the  location  of  foreign  ob- 
jects in  the  alimentary  tract,  but  it  also 
has  unlimited  applications  in  the  inves- 
tigation of  structural  materials. 

Zones  of  weakness,  such  as  blow  holes 
and  cracks,  are  quickly  revealed  in  steel 
castings  that  outwardly  appear  perfect. 
Defects  in  airplane  propellors,  pistons, 
and  structures  have  been  demonstrated  by 
this  method.  This  has  resulted  in  the 
de\'elopment  of  better  foundr\'  techni(]ue, 
the  improvement  being  in  the  direction 
indicated  by  X-ray  studies  of  the  product. 
It  has  done  such  things  as  reducing  the 
annealing  time  for  a  certain  product  in 
a  Chicago  foundry  from  six  hours  to  one- 
half  hour,  a  change  of  tremendous  eco- 
nomic importance. 

The  X-ray  apparatus  used  now  will 
penetrate  five-inch  steel  in  a  reasonable 
time,  the  tubes  used  operating  on  from 
250,000  to  275,000  volts.  Tubes  operating 
o[i  as  high  as  1000,000  volts  have  been 
built,  but  there  are  as  yet  several  difficul- 
ties encountered  in  their  use.  The  ad- 
vantage is  that,  the  higher  the  voltage, 
the  lower  the  wave  length,  and  there- 
fore   the    greater    penetrating    power. 

X-rays  have  also  been  used  in  the  de- 
termination of  types  of  stresses  in  rail- 
road ties,  in  establishing  the  authenticity 
of  old  oil  paintings,  or  revealing  altera- 
tions, in  working  out  crystal  lattice  struc- 
ture, grain  size,  and  arrangement  of 
molecules  of  metals,  both  pure  and  al- 
loved,  as  well  as  the  investigation  of 
cellulose  products,  wood,  rubber,  and 
even  liquids  under  both  normal  and  de- 
formed conditions. 


Architecture 

W.  p.  Crane,  the  winner  of  the 
sixteenth  Plym  Fellowship,  who  has  just 
returned  from  his  tour  of  Europe,  has 
taken  a  novel  way  of  reporting  his  in- 
vestigations. He  has  drawn  a  large  map 
of  Europe.  I'pon  the  map,  done  in  flat 
colors,  he  has  traced  the  path  of  his 
wanderings.  At  every  stop  of  interest  he 
has  sketched  in  its  most  interesting  build- 
ing, with  some  short  note  of  criticism  or 
description.  In  southern  Italy  and  in 
Sicily,  where  he  first  stopped,  Greek  and 
.Arabic  architecture  predominated.  As  he 
went  north\vard  through  central  Italy, 
Roman  architecture  became  more  prom- 
inent. -As  he  moved  across  northern  Italy, 
he  showed  in  some  of  his  sketches  the 
beautiful  buildings  of  the  Renaissance. 
France  shows  the  beautiful  chateaux 
about  Tours,  with  the  Norman  and 
Gothic  influences  in  the  north.  England 
is  dotted  with  various  forms  of  the 
Gothic  type.  He  returned  to  the  con- 
tinent again  to  pass  through  Holland  on 
his  way  home  to  see  tfiis  "hotbed  of 
modern   architecture." 
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Freshman  Lectures 

Professor  Schmidt  of  the  Railway  En- 
gineering department  gave  a  very  inter- 
esting illustrated  lecture  on  the  history 
and  development  of  the  steam  engine. 

Professor  Schmidt  showed  that  everv 
branch  of  engineering  has  a  part  in  the 
railway  industry.  The  civil  engineers 
built  the  bridges  and  plan  the  road  bed  ; 
architects  build  the  depots;  electrical  en- 
gineers develop  the  block  system,  and  me- 
chanical engineers  design  the  engines, 
rails  and  cars. 

The  first  engines  were  built  in  France 
one  hundred  and  sixty  years  ago  by 
French  artillery  officers.  They  were  very 
crude  affairs  consisting  of  one  piston  and 
boiler  with  frame,  with  the  appearance 
of  a   tea   kettle  set  on   three   large   wheels. 

The  early  engines  were  all  very  clumsy 
in  appearance.  Some  had  three  wheels 
which  later  changed  to  four.  Others  had 
only  one  piston  and  instead  of  having 
the  piston  rod  connected  to  the  wheel,  it 
was  suspended  vertically  and  fitted  into 
notches  of  a  large  cog  wheel  that  was 
in  turn  fastened  to  the  inside  of  the  drive 
wheel.  Another  model  with  a  short  life 
was  one  that  received  its  tractive  power 
from  a  cog  wheel  running  on  a  third 
rail.  The  earliest  engines  were  made  to 
operate  on   roads   instead   of  on   rails. 

The  first  train  in  the  United  States  was 
drawn  by  a  third  rail  engine  introduced 
in  1826.  Three  years  later  the  first  pub- 
lic passenger  train  was  operated  between 
Charleston  and  Hamburg,  South  Carolina, 
and  was  drawn  by  a  wood  burning  en- 
gine with  the  boiler  in  the  middle. 
The  (nited  States  has  added  more  im- 
provements to  the  steam  engine  than  any 
other  country:  compound  cylinders,  me- 
chanical stokers,  super  heaters,  refined 
designs,  accessories,  and  water  heaters,  as 
well  as  four  wheel  trucks. 

The  latter  part  of  the  lecture  was  given 
over  the  slides  of  modern  engines,  rang- 
ing size  from  switch  engines  to  the  larg- 
est freight  locomotives,  as  well  as  models 
of  mountain  type  engines  in  which  the 
fire  box  and  boiler  are  at  an  angle  with 
the  engine  bed. 


Professor  Iloelscher  of  CJeneral  Engi- 
neering Drawing  gave  a  lecture  on  Blue 
Printing. 

The  blue  printing  industry  is  a  larger 
industry  than  most  people  realize.  The 
Western  Electric  Company  of  Chicago 
employs  one  hundred  and  fifty  men  in 
its  blue  printing  department  alone.  Auto 
manufacturers  use  thousands  of  feet  of 
print  paper  every  year  in  developing 
their  new  models. 

'Vhe  blue  print  process  was  discovered 
in  18+0  bv  Sir  John  Kirshna.  It  was 
first  introduced  into  the  United  States  in 
1876  at  the  Centenial  Exposition  which 
was   held    at   Philadelphia. 

It  is  produced  by  exposing  a  piece  of 
sensitive  paper,  covered  by  a  tracing,  tn 
light.  The  reaction  is  a  chemical  reduc- 
tion. ."Vfter  the  reduction  has  taken  place 
there  is  blue  except  where  there  were 
lines  on  the  tracing,  and  these  are  white. 
The  disadvantage  of  blue  printing  is 
that  the  prints  are  negative  and  will  not 
show  pencil  marks.  To  make  a  print  with 
a  white  background  and  dark  lines,  it 
is  necessary  to  make  a  negative  or  a  Van 
Dyke.  The  Van  Dyke  is  a  brown  back- 
ground with  white  lines.  I'se  this  in- 
stead of  a  tracing  in  the  printing  pro- 
cess. Light  goes  through  the  lines  and 
leaves  a  white  background  and  blue  lines. 


Professor  Provine  gave  an  illustrated 
lecture  showing  different  large  engineer- 
ing projects.  The  purpose  of  his  lecture 
was  to  help  the  freshman  pick  the  field 
they  intend  to  follo^v.  He  said  that  the 
fact  that  a  freshman  thinks  he  knows 
now  what  branch  of  engineering  he  in- 
tends to  follow  does  not  mean  anything, 
because  he  usually  does  not  have  an\ 
idea   of   the  other   branches. 

Professor  Provine  said  that  the  actual 
building  of  some  project  was  the  easiest 
part.  The  hard  part  was  the  part  that 
was  worked  out  in  the  office. 

The  important  factors  in  the  winning 
of  bids  for  large  engineering  projects  are 
time  of  completion   and  cost. 

He  showed  slides  of  the  construction  of 
large  power  plants.  One  of  them  was 
so  far  up  in  the  mountains  that  the  con- 
tractor could  not  get  steam  shovels  to  the 
site  to  dig  the  foundation,  so  he  damed 
a  small  stream  far  enough  above  the  site 
so  that  the  water  had  sufficient  force  to 
wash  the   earth  away. 

At  a  power  plant  in  California  the  ma- 
terials arrived  by  rail  on  the  opposite 
side  of  a  mountain  stream  from  the  site. 
The  contractor  could  not  get  a  boat  up 
stream  so  he  had  to  make  a  large  barge 
on  the  spot.  One  of  the  details  was  to 
make  a  landing  that  could  be  shifted  up 
and  dow[i  to  meet  the  edge  of  the  boat 
because  the  boat  was  farther  down  in 
the  water  with  the  heavier  loads. 

.^t  another  site  a  tressle  was  built 
across  a  ravine  to  carry  the  materials 
after  the  contractor  had  got  the  weights 
of  all  the  materials.  A  piece  of  machinery 
came  that  weighed  twice  the  capacity  of 
the  bridge.  It  would  take  two  weeks  to 
build  a  tressle  strong  enough.  The  engi- 
neers figured  a  way  out  by  putting 
triangular  supports  in  the  middle  of  the 
span.  This  was  done  in  three  days. 


G.  E.  D.  Department 

Mr.  H.  H.  Black  was  the  only  active 
person  in  the  department  recently.  He 
was  taken  into  partnership  by  a  member 
of  the  fair  sex.  The  particulars  on  the 
ceremony  are  not  available  inasmuch  as 
Mr.  Black  would  have  a  secret.  However, 
if  there  is  anything  that  anyone  would 
desire  to  know  about  the  affair,  Mr. 
Black  will  undoubtedly  be  kind  enough 
to  enlighten  the  curious  persons  if  they 
will  but  call  at  his  office,  310  Transporta- 
tion  building. 


Engineering  Societies 

Twenty-three  junior  and  senior  engi- 
neers were  formally  initiated  into  Sigma 
Tau,  honorary  and  social  engineering 
fraternity,  at  the  initiation  ban(|uet 
December   17   at   the    Inman   hotel. 

Prof.  F.  A.  Russell  of  the  B.  O.  and  O. 
department  turned  engineer  long  enough 
to  give  the  feature  talk  of  the  evening 
on  "Slaves,  Serfs,  and  Salesmen,"  indicat- 
ing the  rise  of  standards  and  changes  of 
working  conditions. 

Prof.  A.  R.  Knight  of  the  e.  e.  de- 
partment acted  as  toastmaster  for  the  oc- 
casion, and  C.  H.  Rapp,  cer.  '31,  presi- 
dent of  the  organization,  gave  the  wel- 
come to  the  pledges,  to  which  J.  D.  l.ouc-, 
e.   e.   '31,   responded. 

Pledges  initiated  at  the  diiuier  included 
F.  M.  l-)eerhake  '31,  I.  D.  Lowe  '31, 
Robert  MacClinchie  '32,  and  F.  C.  Calc 
'32,  electrical  egnineering ;  B.  E.  Hovd 
'31,  C.  M.  Mackenzie  '31,  F.  M.  Somers 
'31,  and  C.  .'\.  Davis  '32,  mechanical  en- 
gineering;  K.   X.  I.ind  '31,   D.   B.   Lindsay 


■U,  |.  E.  Spann  '31,  J.  N.  Pirok  '31,  L. 
B.  Sutherland  '31,  G.  R.  Fink  '32,  and 
\V.  \'.  Wuellner  '32,  architecture  and 
architectural  engineering;  \V.  E.  Bohn 
'31,  and  H.  F.  Lovell  '32,  civil  engineer- 
ing; E.  W.  Horning  '31,  and  H.  D.  Im- 
hoff,  railway  engineering;  R.  J.  Dutfin 
'32,  and  J.  M.  Nash  '32,  engineering 
physics ;  W.  A.  Deringer  '32,  ceramic  en- 
gineering; and  J.  E.  Lattan  '32,  general 
etigineering. 

William  M.  Avery,  c.  e.  '33.  has  been 
presented  with  the  Sigma  Tau  medal 
awarded  annually  to  the  sophomore  en- 
gineer who  maintained  the  highest 
average  of  any  freshman  engineering  stu- 
dent the  \ear  before.  Averv's  average 
was  4.98 S. 


C.  M.  (Jardner  Jr.  was  elected  presi- 
dent of  Tau  Beta  Pi  at  the  last  meeting 
\vhich  was  directed  by  Paul  Evans,  re- 
tiring president,  on  Wednesday,  January 
7,  in  the  electrical  engineering  reading 
room. 

The  other  officers  who  were  elected  are: 
J.  H.  Armstrong,  vice-president ;  W.  P. 
Jones,  recording  secretary;  M.  M.  Culp, 
treasurer;  J.  F.  Chandler,  corresponding 
secretary,   and   C.   I.  Luckman,  cataloguer. 

S.  P.  Langhoff  gave  a  report  on  the 
national  convention  which  was  held  at 
Lehigh   university,   Lehigh,   Pa. 


Mr.  R.  P.  Hackett,  instructor  in  ac- 
countancy, spoke  at  the  last  meeting  of 
Chi  Epsilon  which  was  held  on  Tuesday, 
Jatjuary  13,  in  the  Sigma  Epsilon  house, 
on  the  subject,  "Municipally  Owned 
Waterworks." 


Two  lioncirary  pledges  and  ten  pledges 
were  formally  initiated  by  Mu  San  Sun- 
day evening,  December  7,  at  Bradley 
Hall.  .As  always  at  Mu  San  gatherings, 
one  hundred  percent  of  the  members,  both 
student  and  faculty,  were  present.  W. 
D.  Hatfield,  who  is  in  charge  of  Decatur's 
sewage  treatment  plant,  talked  on  some 
of    his    work    and    interesting   experiences. 

Mu  San's  new  members  are:  W.  E. 
Bohn  '32,  B.  Dickman  '32,  B.  E.  Nor- 
vell  '31,  D.  C.  Radcliffe  '31,  R.  O.  Waller 
'31,  W.  R.  Fickett  '32,  R.  S.  Nelle  '32, 
C.  U.  Kring  '32,  E.  W.  Klatte  '32,  and 
M.  W.  Ennis  '32. 


The  first  semester  officers  of  Pi  Tau 
Sigma  were:  President,  V.  W.  Joslin ; 
vice-president,  R.  H.  Newell;  treasurer, 
l.indo  Cnrso;  corresponding  secretary,  R. 
P.  Honold ;  recording  secretarv,  M.  K. 
McAnall%. 

Fo  date,  five  meetings  have  been  held 
in  addition  to  the  initiation  at  which  six 
new  members  were  taken  into  the  fra- 
ternit\.  The  speaker  on  the  occasion  of 
the  initiation  was  Mr.  John  Paul  Jones 
of  the  Standard   Oil  Co.  of   Indiana. 

Fhe  men  initiated  this  semester  were: 
C.  M.  Mackenzie,  F.  M.  Somers,  M.  C. 
Lobstein,  C.  A.  Davis,  R.  C.  Williams,  G. 
E.   Leutwiler. 


In  their  meeting  of  January  15,  the 
local  chapter  of  Theta  Tau  elected  the 
following  six  officers:  Regent,  C.  F. 
Monnier;  Vice-Regent,  J.  F.  King;  Scribe, 
M.  R.  Derby;  Treasurer,  W.  F.  En- 
gcsser,  and  Marshal,  A.  Kowitz.  The  out- 
going officers  in  the  same  order  are: 
Woodfill  Luckman,  Monnier,  Ridgeway, 
Hudson  and  DeBerard.  These  men  are 
seniors  with  the  exception  of  Monnier 
who  was  elected  to  the  post  of  Regent 
this  vear. 
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The   Safe   Highway 

Accidents  have  increased  in  a  greater 
ratio  than  vehicles,  with  35,000  lives 
beiiiK  lost  last  year.  Can  highways  be 
made  safe;  can  safety  be  an  inhcrenl 
<|ualit\  of  the  highways,  instead  of  as  at 
present,  a  characteristic  of  each  indi- 
vidual driver?  That  is  the  major  problem 
now  confronting  the  highway  engineer, 
says   F.ngineering   News   Record. 

The  problems  of  proper  design  of  sur- 
face, base,  etc.,  have  received  the  previous 
attention  of  the  engineer  till  now  a 
smooth  surface,  and  a  fairly  long  life 
with  little  maintenance  is  possible.  The 
safety  of  the  individual  driver,  however, 
was  left  to  the  police  power  of  the  state. 
This  resulted  in  as  many  regulations  as 
there  are  states  and  in  definite  allow- 
able speed  limits.  .Anyone  exceeding  those 
limits  became  a  criminal.  The  driver  was 
made  to  accommodate  the  pavement  in- 
stead of  vice  versa.  The  cart  was  before 
the  horse.  Hut,  figuratively  speaking,  the 
cart  rebelled  and  now  the  engineer  is 
attempting  to  make  safety  an  iiiherent 
quality  of  the  pavement. 

.Ml  the  <|ualities  of  a  pavement  arc 
being  studied  as  to  their  effect  on  safety. 
Pavements  arc  being  made  wider  and  are 
being  striped  to  keep  traffic  in  definite 
lanes.  Sight  distances  arc  being  length- 
ened on  hills  b\-  the  use  of  longer  vertical 
curves,  and  on  curves  by  the  use  of  a 
smaller  degree  of  cur\'ature  and  remn\'al 
of  brush.  The  cur\'es  themselves  are  being 
made  safer  by  an  intelligent  use  of  super- 
elevation. Signs  are  being  unified  and 
used  discriminately.  Shoulders  are  being 
m.nintained  and  drainage  facilities  im- 
proved. 

While  we  can  never  e.xpect  a  highwa\ 
100  percent  safe  as  long  as  the  "bloke" 
who  rocks  the  boat  and  points  the  un- 
loaded gun.  is  allowed  to  drive,  much 
can  be  expected  in  the  future  develop- 
ment of  the  safe  highway. 


.\  Rail-Plane  System  of 
Transportation 

Reference  has  been  previously  made  in 
Mechanical  Engineering  to  the  Bennie 
system,  in  which  a  car  is  suspended  from 
an  overhead  track  built  above  the 
ordinary  railway  track  and  driven  by  an 
airscrew.  The  idea  of  using  an  airscrew 
for  propelling  a  streamline  rail  car  has 
been  also  incorporated  in  the  vehicle  re- 
cently tested  by  the  (Jerman  engineer, 
Kruckenburg,  near  Hanover;  .\  462-ft. 
stretch  of  rail-plane  track  over  the 
Ixindon  and  Northeastern  Railroad  line  at 
Milngrove.  near  (ilasgow,  has  recently 
been  completed,  and  has  enabled  the 
making  of  full-scale  demonstrations  of  the 
Hennic  system.  It  is  now  stated  in  the 
October,  1930  issue  of  Tlir  Enti'nuir  that 
a  private  company  in  the  south  of  France 
has  decided  to  ecjuip  30  km.  of  track 
with  a  Bennie  rail-plane  system,  and  that 


the  preliminary  work  \\\\\  sliortly  be 
started.  I'he  e<|uipment  is  to  lie  made  in 
Knglaiul,  and  Wm.  Beardmore  and  Co., 
Ltd.,  of  Dalmuir,  are  to  construct  the  rail- 
plane  cars.  Plans  for  the  rail-plane  sys- 
tem to  cotHiect  the  towns  of  Blackpool  and 
Southport  over  the  River  Ribble  have 
been  prepared  and  approved  by  the 
Blackpool  Corporation  and  a  bill  in  con- 
nection with  this  scheme  is  to  be  brought 
before  Parliament.  The  plans  also  pro- 
vide for  a  road  over  the  River  Ribble. 

From  an  economic  point  of  view  the 
ke>  feature  of  the  Bennie  system  lies  in 
the  possibility  of  using  the  upper  side  of 
the  overhead  track  as  a  high-speed  motor 
highway.  Practically  any  stock  car  can 
be  now  operated  at  50  m.  p.  h.  with  safety 
in  so  far  as  the  automobile  in  itself  is 
concerned.  The  hazards  in  the  fast  driv- 
ing of  today  arise  practically  exclusively 
from  excessively  sharp  curves  on  the 
roads  and  from  the  crowded  state  of  the 
highways.  A  special  high-speed  overhead 
highway  could  be  used  as  a  toll  road,  and 
the  extent  to  which  it  would  be  patronized 
would  tremendously  affect  the  develop- 
ment of  the  over-head  rail  system. 

Railways  are  already  beginning  to  feel 
the  inroads  into  their  traffic  by  automo- 
biles. It  would  be  quite  interesting  to 
see  them  turn  the  tables  and  make  the 
private  automobile  one  of  the  contributing 
factors  toward  modernizing  rail  trans- 
portation and  making  it  pay.  It  would 
be  also  a  proper  way  to  do  it,  because 
it  would  improve  railroad  transportation 
at  the  cost  of  making  automobile  trans- 
portation more  attractive.  One  thing  is 
certain,  however,  and  that  is  that  under 
the  impetus  of  airplane  transportation  on 
the  one  hand  and  automobiles  on  the 
other,  the  railroads  will  have  to  look  for- 
ivard  to  a  way  of  speeding  up  their  own 
passenger  business.  It  is  stated  in  this 
connection  that  as  soon  as  the  Pennsyl- 
vania Railroad  has  completely  electrified 
its  New  ^■ork-Philadelphia  line,  it  will  in- 
troduce a  time  schedule  calling  for  90- 
m.   p.   h.   runs. 


World's  Largest  Two-Cylinder 
Locomotive 

The  largest  and  most  powerful  two- 
cylinder  locomotives  vet  placed  in  service 
have  recently  been  introduced  on  the 
(^hesapeake  and  Ohio  railroad,  for  heav\ 
freight  service  lietween  Russel,  Ky.,  and 
Toledo,  Ohio.  The  new  locomotives  de- 
velop a  rated  tractive  effort  of  106,584 
pounds.  They  are  of  the  2-10-4  type,  with 
drivers  of  five  feet  nine  inches  in  di- 
ameter. The  boiler  pressure  is  about  260 
pounds.  The  cvlinders  are  29  inches  in 
diameter  bv  34  inch  stroke,  and  operate 
at   a   maximum  cut-off  of   80   percent. 

In  order  to  evaporate  sufficiently  large 
quantities  of  water  to  provide  steam  for 
the  cylinders,  an  unusually  large  fire- 
box measuring  13  feet  (>  inches  long  by 
9  feet,  is  provided. 


Rlectric  Resistance  Brazing 

In  the  November,  1930  issue  of  .Imrri- 
I  an  Matlnniit  we  arc  told  that  electric 
brazing  is  a  comparatively  recent  develop- 
ment. There  arc  two  methods,  of  which 
one  depends  for  its  heat  upon  the  electric 
resistance  of  the  metals  being  joined  and 
requires  comparatively  high  pressures. 
This  process  is  usually  referred  to  as 
pressure  brazing.  Another  process  uses 
the  heat  generated  by  passing  current 
through  a  pair  of  carbon  blocks  having 
the  joint  clamped  between  them  and  is 
known  as  resistance  brazing.  This  was 
developed  by  the  General  Electric  Com- 
pany', and  is  now  being  used  in  trans- 
former manufacture  as  well  as  being 
offered  commercially.  This  method  pro- 
vides a  dependable  quick,  sure  joint.  The 
blocks  heat  readily  at  a  lower  current 
rating  because  of  their  high  resistance. 
Less  pressure  is  re(|uired  than  in  the 
previous  method,  and  the  heating  is  so 
rapid  that  the  metals  being  joined  are 
affected  but  slightly.  The  comparatively 
low  temperature  also  prevents  carbon 
breakdown  or  "grain  growth."  The  joint 
is  created  by  applying  a  thin  strip  of 
brazing  alloy  at  the  contact  surface,  the 
alloy  flowing  through  the  joint  section 
and  combining  with  a  thin  section  of  the 
jointed  metals  to  make  a  solid  mass. 
Three  different  silver  alloys  are  now 
being  used  as  brazing  media,  depending 
upon  the  type  of  joint  being  made.  One 
contains  50  per  cent  silver  and  has  a  melt- 
ing point  of  725  deg.  cent.  (1337  deg. 
Fahr. ),  another  contains  30  per  cent  silver 
and  melts  at  735  deg.  cent.  (1355  deg. 
fahr.),  and  the  third  contains  10  per  cent 
silver  and  melts  at  830  deg.  cent.  (1526 
deg.  fahr.).  In  order  to  protect  the  in- 
sulation and  prevent  overheating  the 
small  copper  wire,  the  brazing  must  be 
kept  at  an  absolute  minimum  of  tempera- 
ture, necessitating  the  use  of  the  50  per 
cent  alloy.  On  larger  cables,  conductors, 
and  terminals  the  30  per  cent  alloy  is 
used  because  of  its  reduced  cost.  The 
alloy  containing  10  per  cent  silver  is  best 
suited  for  brazing  heavy  bus  bars,  plates, 
and  the  like. 

Fused  borax  is  generally  used  as  a  flux, 
hut  in  some  cases  potassium  acid  fluoride 
is  used  in  paste  form.  The  surfaces  of  the 
metals  to  be  brazed  should  be  flat  at  the 
joint  to  insure  good  contact  with  carbon 
blocks  and  prevent  arcing  and  hot  spots. 
Stranded  cable  can  be  joined  by  brazing. 
It  is  not  essential  to  clean  the  surfaces 
for  brazing  to  the  same  extent  that  is 
done  in  soft  soldering,  since  the  brazing 
flux  removes  the  oxides  and  most  other 
impurities.  Certain  alloys  and  varnishes, 
however,  are  not  remo\-ed  b\'  the  flux  and 
should  be  removed  before  brazing,  l^he 
advantages  of  this  process  are  claimed  to 
be  saving  in  time  in  making  the  joint  (as 
compared  with  lead  soldering),  greater 
strength,  better  electrical  conductivity, 
and  comparative  cheapness  due  to  the 
small  quantity  of  alloy  used. 
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NOTHS 
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R.  L.  Herman,  ee.  15,  formerly  trans- 
portation manager  of  the  southwestern 
district  of  Westinghouse  Electric  and 
Manufacturing  company,  has  been  recent- 
ly appointed  heavy  traction  representa- 
tive,  nith   headquarters  in   New"   York. 


L.  M.  I.u, 


In  this  age  of  specialization  even  build- 
ing construction  work  has  become  sub- 
divided. Krwiv  M.  Lurie,  c.e.  '14,  of 
Chicago,  is  a  special- 
ist  in  metal  lath 
construction,  particu- 
larly in  its  use  in 
solid  metal  lath  and 
plaster  partitions.  He 
has  recently  written 
a  book.  -The  Parti- 
tion H  a  n  d  b  o  ()  k," 
which  has  been  pub- 
lished by  the  .As- 
sociated Metal  Lath 
Manufacturers,  i  n- 
corporated,  Chicago. 
On  the  title  page 
of  the  book  appars  the  name  of  \Vh.\rto\ 
Cl.AV,  c.e.  '05,  commissioner  of  the  Aa- 
sociated  Metal  Lath  Manufacturers. 
Lurie  and  Clay  collaborated  on  "Safetv 
from  Fire,"  one  of  the  first  books  dealing 
with  fire  protection  engineering  as  ap- 
plied to  construction  and  occupanc>  of 
buildings.     It  was  published   in   1923. 

.After  graduating  from  the  rnivcrsily 
in  1914,  Lurie  became  manager  of  the 
Lurie  Concrete  Products  company.  Chi- 
cago. Later  he  became  managing  editor 
of  Contrdi-  Products.  Engineering  and 
building  construction  jobs  occupied  his 
time  for  several  years,  until  he  started 
work  with  metal  lath.  During  the  war 
he  designed  furnaces  for  heat-treating 
shapnel,   and   other  war  equipment. 


Ira  W.  Fisk,  e.e.  '09.  who  \vas  an  in- 
structor in  electrical  engineering  at  the 
Cniversity  from  1910  to  1916,  has  just 
completed  an  appraisal  of  the  bus  equip- 
ment owned  by  the  Public  Service  Co- 
ordinated Transport  company  of  New 
Jersey.  This  work  was  done  for  the  state 
public  utility  commission  to  assist  them 
in  establishing  a  proper  rate  base  for 
fares.  This  company  is  the  largest  bus- 
operating  company  in  the  United  States. 
Fisk  is  the  senior  partner  of  Fisk  and 
Roberts,  New  ^ork.  He  has  recentlx 
been  retained  to  make  a  study  of  electric 
train  operation  costs  because  of  a  proposed 
raise  of  railroad  rates  in  Neu  WnV.  .nui 
outlying   districts. 


llowARO  I..  CiiES'EV,  arch.  12,  of  Chi- 
cago, president  of  the  Chicago  chapter  of 
the  American  Institute  of  .Architects,  J.  C. 
Ll.EWEi.i.vs:,  arch.  '77,  of  Chicago,  and 
Professor  L.  H.  Provine.  arch.  '03,  head 
of  the  department  of  architecture  of  the 
Universitv,  have  been  appointed  to  the 
Plym  Fellowship  committee  for  1930-1931. 


Hexrv  W.  C.kiime,  arch.  '98,  has  offices 
ill  the  Leader  building,  Cleveland,  Ohio. 
He  taught  mathematics  for  the  govern- 
ment at  Case   t'niversity  during  the  war. 


ir.  R.  Enyarl        '''■■>«       ••< 


Wii.LiA.vi  R.  Env- 
art,  m.e.  '24,  is 
editor  of  the  .Va- 
t  i  0  n  a  I  A eronaulii 
Rivifw,  which  is 
issued  at  Washing- 
ton by  the  National 
Aeronautic  associa- 
tion. Glider  de- 
velopment is  shown, 
while  the  advertise- 
ments arc  indicative 
if  the   rapid   progress 
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making    these    da\ 


H.  M.  Pease,  e.e.  '98,  has  been  located 
in  London  ever  since  1902.  Imraediatel\ 
after  graduation  from  the  University  he 
joined  the  Western  Electric  company,  Chi- 
cago, and  was  sent  by  them  to  London. 
In  1925  the  International  Telephone  and 
Telegraph  corporation  of  New  \ork 
bought  the  International  Western  Electric 
company.  The  company  was  renamed  the 
International  Standard  Electric  corpora- 
tion and  Pease  is  now  vice-president  and 
European  general  manager  of  this  con- 
cern. 


RoscoE  E.  Spalding,  arch.  '15,  is  with 
the  Breen  Stone  and  Marble  company  of 
Kasota,  Miruiesota.  He  has  designed 
several  Minneapolis  buildings,  including 
the  Masonic  home  group,  the  Shrine  hos- 
pital for  crippled  children,  and  the  .As- 
bury   hospital. 


Frank  M.  White,  m.e.  09,  is  president 
of  the  Burd  Piston  Ring  corporation  and 
the  Liberty  Heating  Corporation,  located 
at  Rockford. 


EowiN  T.  CoLTON,  c.e.  '17,  is  now  secre- 
tary-treasurer of  New  Orleans  Public 
Service,  incorporated.  In  1918,  he  was  an 
engineer  in  the  war 
department  under  the 
Lo  w  e  r  Mississippi 
commission.  Later 
he  was  made  chief 
engineer  of  the 
building  of  a  ship 
canal  between  the 
Mississippi  river  and 
Lake  Pontchartrain, 
a  $20,000,000  project. 
It  was  his  record 
here  that  attracted 
the  attention  of  the 
president  of  t  h  e 
corporation,  who  induced  him  lo  enter  the 
organization  as  assistant  treasurer  and 
secretarv. 


K.    T.  Collnii 


E.  L.  Si.viMoNS  and  J.  li.  Ei :imi.e-\  ,  both 
c.e.  '20,  are  connected  with  the  J.  L.  Sim- 
mons company,  contractors,  engineers,  and 
builders,  with  offices  in  Chicago,  Decatur, 
Bloomington,  and  Springfield.  Simmons 
is  treasurer  with  head(|uarters  at  Decatur 
while  Felmley,  the  secretary,  is  located  at 
Bloomington. 


D.AViD   W.    Burgoon,    m.e.   '16,    is   vice- 
president   of   the    Yeomans    Brothers   com- 
pany. This  company  and  the  International 
.Association     of     Ma- 
chinists have   worked 
out  a  modern  plan  of 
co-operation    hetivcen 
^^^^    employers    and    labor 
|k^  1^      ^^^1    unions.     In  this  plan 
the      union       pledges 
c  o-o  p  e  r  a  t  i  o  n      in 
building    up   the   out- 
put,     in      improving 
the       quality       a  n  d 
efficiency,   and   in   re- 
ducing the  costs.  The 
D.    If.   Buraoon       company     pledges 
"willingness      to      do 
all    in    its   power   to   stabilize   employment 
as   well    as    to    share    with    the    employees 
from  time  to  time  the  gains  arising  from 
co-operation." 

The  Yeomans  Brothers  company  of 
Chicago  manufactures  ejectors  and  pump- 
ing machinery  and  rotary  air  compressors. 
.According  to  Burgoon,  the  idea  is  new  in 
the  pumping  machine  industry  and  its  in- 
auguration is  an  effort  to  meet  present- 
day  competition,  to  protect  the  shop- 
working  force,  to  make  for  better  working 
conditions,  and  to  stabilize  employment  in 
general.  This  plan  is  similar  to  the  one 
used  for  several  years  by  the  Baltimore 
and   Ohio   railroad. 


.Albert  M.  Sa.\e,  arch.  '11,  has  been 
appointed  adviser  in  a  $4,000  prize  contest 
sponsored  by  the  Chicago  Bridge  and  Iron 
works.  Prizes  are  to  be  awarded  for  the 
best  suggestions  for  the  beautification  of 
water  tanks  and  water  towers. 


Robert  E.  Yolion,  c.e.  '05,  died 
September  10,  1930,  at.  Cincinnati,  fol- 
lowing a  heart  attack.  For  five  years  he 
had  been  chief  engineer  of  the  Kilby  Frog 
and  Switch  company  there.  Before  that 
he  had  spent  ten  years  with  the  same 
company  at  Birmingham,  .Alabama.  Just 
after  graduating  from  the  I'niversity,  he 
worked  for  the  Buda  company  at  Harvey. 


Bertram  CSrigsbv,  e.e.  '09,  is  a  member 
of  the  board  of  directors  of  the  (I.  (i. 
Household  Utilities  corporation.  This  is 
a  separate  subsidiary  company  of  the 
Grigsby-Grunow  company  which  manu- 
factures the  Majislic  radio.  This  new- 
concern  will  manufacture  electric  refrig- 
erators, vacuum  cleaners,  ironing  devices, 
and  other  electrical  household  articles. 
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Ways  in  Which  Metals  Fail 

(CnnlinuiA  from  Paij,-  10) 
mainly  in  connection  with  metals  to  be  used   at  ele\ate(l 
temperatures. 

Failure  by  fracture  is  of  importance  for  buttle 
materials  under  any  kind  of  load,  and  for  ductile 
materials  subjected  to  load  repeated  many  times.  Kracture 
may  occur  as  the  eventual  result  of  cither  slip  or  creep, 
but  under  steady  load  the  damage  by  distortion  from 
either  of  these  causes  usualh'  necessitates  the  replace- 
ment of  a  member  before  fracture  occurs,  or,  if  the  load 
is  in  compression,  bucklinj;  and  collapse  take  place  before 
fracture. 

The  fracture  of  a  brittle  metal  under  steady  loading 
or  of  any  metal,  ductile  or  brittle,  under  repeated  loading 
usually  takes  place  suddenly  with  little  or  no  warning 
before  it  occus.  In  Fig.  4  (a)  shows  a  test  specimen  of 
steel  before  stressing;  (c)  shows  a  specimen  bent  by  a 
single    severe    steady    load;    and     (b)    sliows    a    specimen 


100  000 
90  000 


Number  of  Cycles  of  Stress  (.Reversed  Bending)  for  Fracture 
Fitjure  6:  ..S-fi  diagrams  for  repealid-stn-ss  lists   ("falii/ur" 
tests)    of  'various    mi-tals. 

broken  by  several  thousand  cycles  of  reversed  bending. 
It  will  be  not^  that  after  the  fracture  under  reversed 
bending  there  is  no  evidence  of  severe  distortion  such  as 
is  shown  by  the  specimen  subjected  to  a  severe  single 
loading. 

The  surface  of  a  fracture  under  repeated  loading  is 
usually  jagged  and  looks  as  if  it  exposed  the  surfaces  of 
crystalline  grains.  Before  the  days  of  the  metallurgical 
microscope  it  was  supposed  that  under  repeated  stress 
metal  "crystallized,"  changed  its  structure,  and  became 
brittle.  When  the  metallurgical  microscope  was  used  to 
study  repeated  stress  it  was  foimd  that  fracture  was 
caused  not  by  any  "crystallization,"  but  by  a  spreading 
crack.  In  iron  and  steel  this  crack  seems  to  start  from 
some  slip  planes  or  from  some  minute  defect  in  the 
metal,  and  to  spread  through  the  metal. 


The  relation  between  slip  and  fracture  is  not  at  all 
close.  Some  metals,  notably  soft  steel  and  copper,  can 
de\elop  a  considerable  amount  of  slip  and  still  can  stand 
hundreds  of  millions  of  repetitions  of  stress  without  start- 
ing a  spreading  crack.  On  the  other  band,  in  duralumin, 
and  some  of  the  copper-nickel  alloys,  a  crack  starts  under 
repeated  stress  before  any  slip  bands  can  be  detected.  In 
any  event  the  so-called  failure  under  repeated  stress, 
commonly  called  a  'fatigue"  failure,  is  in  reality  a  spread- 
ing fracture.     (See  Fig.  5). 

In  connection  with  the  stud\  of  failure  by  spreading 
fracture,  or  fatigue  failure  as  it  is  commonly  called,  the 
importance  of  localized  high  stress  in  structural  and 
machine  parts  has  been  sharply  brought  out.  Most  of  our 
structural  experience  has  been  with  soft  steel,  and  under 
steady  load  localized  stresses,  such  as  the  stresses  at  a 
small  hole,  do  very  little  damage  to  ductile  material. 
An  extremely  small  distortion  takes  place  near  a  hole  but 
this  distortion  is  not  of  sufficient  magnitude  to  do 
material  damage.  However,  for  brittle  materials  under 
any  kind  of  loading  and  for  all  materials  under  repeated 
loading  such  a  point  of  localized  high  stress  may  be  the 
nucleus  of  a  spreading  crack,  which  may  eventually 
cause  the  fracture  of  the  entire  piece.  Holes,  grooves, 
sharp  shoulders,  screw  threads,  and  roughly  machined 
finish  are  some  of  the  common  sources  of  high  localized 
stress,  a  stress  which  ma\'  in  extreme  cases  be  as  high  as 
three  or  four  times  the  nominal  computed  stress.  Such 
"stress  raisers"  are  especially  to  be  avoided'in  parts  made 
of  brittle  material  and  in  parts  subjected  to  repeated 
stress. 

There  seems  to  be  a  fairly  well  defined  limiting 
stress  for  all  metals  (with  the  possible  exception  of  some 
aluminum  alloys)  below  which  loading  can  be  repeated 
an  indefinitely  large  number  of  times  without  fracture. 
This  limiting  stress  is  called  the  endurdnce  limit,  or 
fatigue  limit.  At  present  it  can  be  determined  only  by 
direct  test.  To  determine  this  limit  requires  a  testing 
machine  capable  of  producing  rapidly  cycles  of  stress  of  a 
known  magnitude.* 

A  specimen  is  placed  in  such  a  machine,  a  fairly  high 
stress  applied,  and  the  number  of  cycles  of  stress  required 
to  break  it  is  noted.  Then  a  second  specimen  is  put  in 
and  a  somewhat  lower  stress  is  applied  and  the  test  re- 
peated. A  series  of  such  tests  with  diminishing  stress 
is  made  and  the  tests  results  plotted  as  shown  in  Fig. 
b.  In  the  resulting  diagram,  called  an  <.S-A'  diagram,  the 
stress  for  which  the  diagram  becomes  horizontal  is  the 
endurance  limit.** 

It  was  noted  above  that  there  does  not  seem  to  be 
any  very  clearly  defined  relation  between  slip  and 
fracture  in  repeated  stress,  and  it  is  foimd  that  there  is 
no  definite  connection  between  endurance  limit  and  yield 
strength.  For  any  given  group  of  metals  there  does 
seem  to  be  a  fairly  definite  relation  between  ultimate 
tensile  strength  under  a  single  load  and  endurance  limit. 
However,  the  ratio  between  these  two  varies  for  different 
kinds  of  metal.  For  soft  and  medium  steel  the  ratio 
between  endurance  limit  and  tensile  strength  (the  en- 
durance ratio  as  it  is  called)   is  about  0.50. 

As  noted  previously,  failure  by  fracture  is  of  prime 
importance  in  the  case  of  brittle  materials  and  in  the 
case  of  ductile  materials  subjected  to  repeated  loading. 
"Fatigue"  failure  is  not  very  often  an  important  problem 
to  the  structural  engineer,  but  is  nearly  always  of  vital 
importance  to  the  machine  designer. 
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Now  they  manufacture  weather 
for  telephone  testing 


A  test  illustrating  work  in  the  Bell  Tele- 
phone Laboratories  is  made  with  the 
weatherometer.  This  device  produces 
rain  and  sunshine  to  order,  and  deter- 
mines the  weather-resisting  properties 
of  telephone  equipment. 

This  test  indicates  an  interesting  habit 
of  the  men  engaged  in  telephone  re- 
search.   It   is   to    get    sure    knowledge 


bearing  on  efficiency,  economy,  life  and 
reliability  of  apparatus. 

Information  is  sought  continuously 
during  the  development  of  a  design, 
in  advance  of  manufacture  and  of 
course  long  before  the  equipment  gets 
into  use. 

Men  who  delight  in  thoroughness  of 
method  find  that  the  opportunity  is  there. 


BELL  SYSTEM 
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Pipe-Line  Transportation 

(ConliiiiirJ  from  I'atjc  13) 
to  ci-ntial  tank  tainis  for  storage  or  dcpciulinfi  upon  tin- 
situation  and  equipment  available,  oil  may  be  transferred 
to  a  booster  station  and  sent  through  the  system  to  the 
ultimate  destination,  usually  a  refinery.  Station  operators 
are  needed,  line  walkers,  maintenance  men,  line  dis- 
patchers, a  large  office  force  of  clerks  with  bookkeepers, 
accountants,  executives  and  engineers.  It  is  evident,  then, 
that  despite  the  remoteness  of  stations  and  visible  equip- 
ment, the  transportation  of  crude  oil  is  an  important  link 
between  the  oil  well  and  the  refineries  and  the  marketing 
organizations. 

The  writer  gained  some  worthwhile  experience  dur- 
inging  the  past  summer  by  serving  as  head  chainman  in 
the  Oklahoma  division  of  the  Ciulf  Line  company  of 
Pennsylvania  survey  party.  The  survey  was  begun  the 
middle  of  June  and  was  completed  thirty-three  days 
later.  A  total  of  86  miles  was  run. 

Two  or  three  days  were  required  to  become  well 
organized.  Some  of  the  men,  young  fellows,  had  had 
no  previous  survey  experience  and  time  was  required  for 
each  one  to  learn  his  duties.  This  survey  was  to  be  a 
reconnaissance  and  final  location  all  in  one.  Several  ob- 
jectives were  aimed  at,  namely  to  preserve  the  course 
as  far  as  possible,  and  to  avoid  large  horizontal  angles. 
The  most  feasible  course  from  a  standpoint  of  laying 
the  line  was  to  be  chosen.  Railroads  were  to  be  crossed 
in  fills  and  at  right  angles  or  nearly  so.  Paved  highways, 
streams  and  rivers  were  to  be  crossed  at  right  angles  too. 
Stakes  were  set  at  100  ft.  stations.  Great  care  was 
used  to  keep  the  instrument  in  adjustment  and  keep  the 
course,  but  the  actual  distance  along  the  ground  was 
chained,  particularly  up  and  down  slopes  with  no  at- 
tempt to  determine  true  horizontal  distances.  The  reason 
for  this  is  that  the  pipe  has  to  lie  just  below  the  surface 
and  conforms  to  the  ground  and  it  is  necessary  to  know 
as  nearly  as  possible  the  length  of  pipe  that  would  be 
required. 

United  States  geological  maps  were  available  and 
were  of  much  assistance.  However,  the  contour  interval 
was  fifty  feet  and  as  the  chief  put  it  there  was  "lots  of 
rough  stuff  in  between  those  contours." 

This  line  is  ten-inch  pipe  and  begins  at  Ferryman 
tank  farm  12  miles  south  of  Tulsa  and  runs  across 
country  as  shown  in  figure  1.  Some  800  miles  are  new 
construction.  One  can  readily  see  how  this  will  supple- 
ment the  existing  system  from  Kansas  and  Okl.ihoma  to 
Port  Arthur,  Texas,  where  one  of  the  largest  refineries  in 
the  world  is  located. 

This  line  is  all  welded  with  bell  joints  and  a  special 
end  dam  as  shown  in  figure  2.  Immediately  after  the  sur- 
veyors, comes  the  right-of-way  gang.  Trees  are  felled, 
and  stumps  blasted  out.  Casing  is  set  under  the  high- 
ways and  railroads,  and  gates  are  made  in  fences.  Present 
day  pipe  line  building  exemplifies  modern  methods  of 
construction,  especially  the  extensive  application  of  power 
machinery.  Trucks  haul  the  pipe  from  nearest  railroad 
terminals  to  the  line  and  string  it.  Wagons  are  em- 
ployed only  in  places  inaccessible  to  trucks.  Wheel 
ditchers  bite  into  .sand  and  loam,  backfilling  machines 
cover  lines  in  remarkably  short  time.  Tractors  with 
booins  handle  pipe  joints  with  ease  and  perform  many 
other  useful  tasks.  Considerable  work  must  still  be^donc 
by  hand.  Convenient  construction  camps  are  estabfished 
for  laborers.  Ditchers  work  night  and  day  to  bury  pipe 
18"  below  svirface.  A  vast  army  moves  forward  to  com- 
plete the  work.  The  line  was  divided  into  sections  in 
much  the  same  maiuier  as  the  survey.  Each  division  works 


independently  of  the  others,  but  all  eventually  join. 

There  are  sixteen  pump  stations  on  the  line.  A  316 
II.  P.  Diesel  drives  a  6"  x  18"  triplex  pump.  Each  station 
has  two  pumping  units  with  room  for  expansion.  Work- 
ing pressure  is  six  to  seven  hundred  poimds  per  square 
inch,  and  the  total  daily  capacity  .56,000  barrels.  These 
stations  are  located  by  graphical  method.  This  is  shown 
in  figure  .5.  A  profile  of  the  line  is  drawn  to  scale.  The 
hydraulic  gradient  is  drawn  to  this  same  scale.  It  has 
been  detcrnu'ncd  with  considerable  accuracy  just  how 
many  pounds  per  square  inch  the  pressure  will  drop  per 
mile;  this  is  the  hydraulic  gradient.  This  is  drawn  on 
the  profile  paper  at  the  same  horizontal  scale  as  the  pro- 
file. WJiere  the  gradient  cuts  the  profile  is  the  proper 
location  of  a  pump  station.  This  is  theoretically  fifty 
miles  but  pr.actically,  may  be  greater  or  less  as  one  can 
see  from  the  figure. 

Along  with  the  pipe  line  is  constructed  a  telephone 
system  paralleling  it.  This  is  necessary  as  hourly  checks 
are  iiiade  on  oil  in  transit.  Line  walkers  then  will  have 
some  ready  means  of  communicating  with  the  stations 
in  ca.se  of  serious  line  breaks  or  other  difficulties. 

The  development  of  the  welded  joint  during  the  last 
ten  years  has  made  it  possible  to  make  pipe  of  higher 
carbon  steel  having  a  much  higher  tensile  strength. 
Working  pressures  can  be  increased  without  fear  of 
bursting  the  pipe  and  the  throughput  and  uiu't  costs 
benefited. 

Ten-inch  pipe  is  an  innovation  in  oil  lines.  Compara- 
tive figures  show  that  a  10"  line  may  be  constructed  for 
approximately  1  1-5  times  the  cost  of  an  8"  line  and 
carry  nearly  twice  as  much  oil.  Will  these  lower  unit 
costs  ultimately  result  in  replacement  of  many  existing 
8"  lines?  One  notices  a  tendency  on  the  part  of  major 
oil  companies  to  own  their  oil  wells,  pipe  lines  and  re- 
fineries to  cut  down  the  total  cost  of  finished  product. 

Projects  of  new  oil  lines,  and  gas  lines  too,  after 
the  success  of  the  Denver-Amarillo  line  are  under  way 
today  that  would  have  staggered  the  imagination  just 
ten  years  ago.  A  most  recent  undertaking  is  the  building 
of  the  Circat  Lakes  pipe  line,  owned  by  five  companies, 
to  deli\er  finished  gasoline  from  Oklahoma  refineries  to 
Chicago  and  Minneapolis  and  intervening  points.  This 
will  give  mid-continental  refineries  a  larger  lease  on  life 
as  it  is  much  cheaper  to  ship  crude  oil  to  refineries  in 
populous  sections  by  pipe  line  than  finished  products  in 
tank  cars.  Witness  the  gradual  movement  of  refineries 
to  Midwest  and  New  England.  What  will  happen  to 
the  tank  car  companies  who  lease  thousands  of  cars  to 
oil  companies  to  ship  gasoline? 

Visions  of  untried  possibilities  present  themselves  for 
the  near  futiu'e.  With  bulk  stations  at  intervals  and 
lines  along  main  highways  and  fleets  of  tank  trucks  a 
tremendous  territory  could  be  serviced.  How  will  the 
national  gasoline  market  be  affected?  Oildom  anxiously 
awaits  the  outcome.  This  year  19.31  may  tell  it. 


Return  Flow 

(Cnnlinui'J  from  Page  8) 
Figme  I  shows  graphically  the  sources  which  con- 
stitute the  present  flow  of  the  river  at  North  Platte, 
Nebraska,  during  various  months.  The  figure  also  shows 
the  average  monthly  flow  of  the  stream  prior  to  1909. 
The  favorable  stabilizing  effect  on  the  flow  of  a  stream 
by  storage  regulation  and  the  return  flow  phenomenon  is 
at  once  apparent.  The  flood  peak  is  reduced  mainly  by 
storage  and  the  flow  during  the  drier  months  is  en- 
hanced by  the  return  flow.  The  return  flow  also  serves 
to  restore  a  part  of  the  draft  on  the  stream  during  the 
season    when    diversions    are    being   made    for   irrigation 
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purposes.  Such  restoration  permits  of  increased  irriga- 
tion development  that  would  not  be  possible  if  part  of  the 
diverted  water  did  not  return.  Also,  it  will  be  noted  that 
the  hydrograph  of  the  river  more  nearly  approaches  a 
horizontal  line  than  it  did  prior  to  the  irrigation  develop- 
ment. 

In  order  to  make  complete  utilization  of  the  water 
resources  of  a  stream  for  irrigation  it  would  be  necessary 
to  construct  a  system  of  storage  reservoirs  below  irri- 
gated areas.  The  return  flow,  together  with  the  natural 
flow  of  the  stream,  could  be  captured  and  stored  in  these 
reservoirs  during  the  out  of  season  period  to  be  released 
during  the  following  irrigation  season.  The  execution  of 
such  a  plan  might  not  of  course  be  feasible  on  all  streams 
due  to  such  factors  as  the  iion-avaiIabilit\'  of  suitable 
reservoir  sites  and  the  prohibitive  cost  of  flowage  rights. 

The  ultimate  utilization  of  the  return  flow  has  be- 
come a  very  definite  factor  in  the  design  of  irrigation 
systems.  It  has  also  raised  the  question  as  to  whom  the 
benefits  created  by  return  flow  belong.  Those  who  paid 
for  the  irrigation  development  which  has  improved  the 
flow  conditions  on  the  stream  have  caused  to  be  created 
more  valuable  water  rights  or  possibilities  of  future  de- 
velopment. C^n  the  other  hand,  the  return  flow  becomes 
a  part  of  the  normal  flow  of  the  stream,  over  which  the 
various  states  iisuaih  claim  j\irisdiction.  The  question 
is  not  vet  answered. 
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The  A.  I.  S.  C.  has  announced  its  second  annual 
bridge  design  competition.  The  nature  of  the  contest 
should  appeal  to  both  civils  and  architects.  Details  are 
posted  on  the  civil  engineering  bulletin  board. 

Last  year  three  Illini  received  awards.     Let's  make  this 
prize-winning  a  habit! 
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New  and  used  books  for  all  courses.  Supplies  for 
every  course.  Lab.  coats,  slide  rules,  draughting 
instruments  and  papers,  brief  cases,  typewriters. 
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This  is  Progress! 

RECENTLY  at  a  large  central  heating  station,  the  load 
demand  soared  sl<yward  at  the  rate  of  10,000  lbs. 
of  steam  per  minute  for  an  hours  time.  This  gigantic  load 
pick-up  was  brought  about  by  a  single  operator! 

On  each  boiler  control  panel  near  the  push  button  controls 
were  his  operating  guides — Bailey  Boiler  Meters  and  Multi- 
Pointer  Gages.  They  told  him  when  to  send  his  electrical 
orders  over  copper  nerves  to  huge  fans,  to  whirring  coal 
feeders,  and  to  rumbling  pulverizers.  Most  important  of  all, 
they  enabled  him  to  maintain  efficient  combustion  during 
the  entire  change  from  light  load  to  full  load. 

Giant  boilers  pouring  forth  steam;  hundreds  of  offices 
comfortably  heated;  one  man  with  the  aid  of  Bailey 
Meters    doing    the   work    of    100  —  this    is    progress. 

WRITE    FOR  BULLETIN   NO.   12 

BAILEY   METER   CO.  -  Cleveland,  Ohio 
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Civil  Engineer  Research 

(Cunliiiiii-J  jrnm  Ptujr  6) 
in;i\  W  comiiutfil  b\'  a  procedure  analogous  to  the  com- 
putation ot  fiber  stresses  in  short  columns  subject  to 
bending  because  of  the  eccentricity  of  the  applied  load, 
and  that  tlie  slopes  and  deflections  in  these  structures  may 
be  computed  as  shears  and  bending  moments,  respectively 
on  the  longitudinal  sections  through  such  columns.  The 
development  of  the  column  analogy  has  been  made  by 
Professor  Hardy  Cross. 

m:.'\RlN(j  VALUE  OF  K.MFE  EDGES— The 
principal  source  of  error  in  all  kinds  of  balances  is  fric- 
tion. In  general  machine  construction,  this  difficulty  is 
o\ercome  by  introducing  a  system  of  knife-  edges  with 
corresponding  bearings.  The  sharper  the  knife-edge,  the 
less  friction  there  will  be.  However,  this  sharpness  is 
limited  by  the  amount  of  load  the  pivot  is  required  to 
support.  In  large  weighing  machines,  such  as  railroad 
scales  and  laboratory  testing  machines  where  heavy  load- 
ing occurs,  the  question  of  allowable  loads  for  varying 
sharpness  of  the  pivot  becomes  of  primary  importance.  A 
perfectly  sharp  knife-edge  will  deform  under  load,  thereby 
adjusting  its  area  contact  according  to  the  load  supplied. 
Thus,  in  the  modern  scale  industry,  the  pivots  are  ground 
to  a  sharp  edge,  and  allowed  to  flatten  in  use.  In  long 
pivots,  proper  adjustment  between  the  pivot  and  the 
bearing  is  difficult,  and  this  flattening  in  use  is  the  easiest 
way  of  obtaining  continuous  control.  However,  experi- 
ments are  lacking  to  warrant  any  conclusion  as  to  the 
results  obtained  due  to  the  above  process.  Of  course, 
such  action  affects  the  sensibility  of  the  scale  and  the 
multiplication  of  the  lever  system.  The  principal  object 
of  this  investigation  is  to  determine  the  supporting 
strength  of  knife-edges.  There  are  many  variables  in- 
volved, and  an  attempt  is  being  made  to  study  the  in- 
dividual effect  of  each  of  the  following:  (1)  The  knife- 
edge  angle,  that  is,  the  angle  between  the  two  faces  that 
join  the  knife-edge;  (2)  Sharpness  of  the  knife-edge,  re- 
ferring to  the  width  of  the  edge  which  comes  in  contact 
with  the  bearing;  (3)  A  difference  in  hardness  between 
the  pivot  and  the  bearing;  (4)  Heat  treatment  of  the 
steel;  (5)  Chemical  composition  of  the  steel.  Later  ex- 
periments may  take  up  the  effect  of  the  length  of  knife- 
edge. 

Two  methods  of  testing  are  used,  one  depending  upon 
the  change  in  width  of  the  knife-edge,  and  the  other 
upon  the  vertical  deformation  and  permanent  set  in  a 
vertical  plane.  The  first  method  consists  of  loading 
the  knife-edge  with  increasing  increments  of  load  and 
measuring  the  width  of  the  edge  under  the  microscope 
after  each  application  of  load.  The  second  method  con- 
sists of  measuring  the  vertical  deformation  and  set  due 
to  each  of  a  number  of  increasing  loads.  The  object  in 
each  method  is  to  determine  the  minimum  load  that  will 
produce  a  permanent  deformation  in  either  the  knife- 
edge  or  the  bearing. 

This  project  is  being  directed  by  Research  Professor 
W.  M.  Wilson  and  is  being  conducted  by  F.  P.  Thomas, 
a  research  graduate  assistant  and  a  graduate  of  Carnegie 
Institute  of  Technology. 

BULLETINS  PUBLISHED— Where  the  results 
secureil  in  any  project  are  of  sufficient  value  and  interest, 
a  bulletin  or  circular  describing  the  investigation  and 
gi\ing  the  results  secured  is  published  by  the  Engineering 
Experiment  Station.  The  bulletins  written  by  the  civil 
engineering  staff  during  the  past  three  years   are: 

Bulletin  No.  162.  Tests  on  the  Bearing  Value  of 
Large  Rollers,  by  W.  M.  Wilson. 

Bulletin  No.   174.     The  Effect  of  Climatic  Changes 
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Tapered  Wl-~^i    R-Olle 

TIMKEN  ^^  BEARING 
EQUIPPED 


Modern  Industry  Rolls 
on  Timkens 

New  high  standards  of  precision  and  production;  new  low  levels 
of  manufacturing  costs.  These  are  the  direct  benefits  to  every 
type  of  machinery  made  possible  by  Timken  Bearings.  These 
are  the  advantages  which  student  engineers  of  today  will  be 
expected  to  provide  tomorrow. 

Small  wonder  that  such  sweeping  results  have  carried  Timken  to 
the  very  top  as  a  dominant  factor  in  leading  industries. 

In  the  very  toughest  jobs  of  all,  machine  tool  spindles,  Timken 
Bearings  are  rolling  up  close  to  the  100"»  mark  on  all  the  new 
anti-friction  machines  for  heavy-duty  production. 

Go  through  all  Industry  with  a  fine-tooth  comb.  You  will  find 
Timken  the  one  bearing — and  the  one  name  that  stands  out 
above  all  others. 

This  is  evidence  of  the  most  compelling  character  of  the  superior- 
ity to  be  had  only  with  Timken  tapered  construction,  Timken 
positively  aligned  rolls  and  Timken-made  steel. 

These  cost-shrinking,  profit-expanding  advancements  will  be 
just  as  easy  to  obtain  in  the  future  as  they  are  now  ...  in  any 
type  of  machinery  you  may  be  called  upon  to  design  or  buy 
.  .  .  through  "Timken  Bearing  Equipped."  The  Timken  Roller 
Bearing  Company.  Canton,  Ohio. 


26 


Till 


■1X'1!N()(  ;R.\1'II 


r<l,n,wy.    1931 


upon  Miiltipli'-Span  Rciiitoici-il  Coiictftc  Arclu's,  b\   \V. 
M.  Wilson. 

Muilctiii  NO.  1 7S.  Ti-sts  on  the  H\(lraulii.'s  mm\ 
I'lu-iiiiiatics  of  House  Plunibin);,  Part  II,  bv  Harold  1". 
Babbitt. 

Hullctin  No.  I'M.  RoJliM!:  Tests  of  Plates,  h\  W, 
.M.  Wilson. 

Bulletin  No.  198.  Results  of  Tests  on  Sevvagie 
Treatment,  by  Harold  K.  Babbitt  and  Harry  K.  Sehlenz. 

Bulletin  No.  202.  Laboratory  Tests  of  Reinforeed 
Concrete  Arch  Ribs,  by  W.   M.  Wilson. 

Bulletin  No.  2().v  Dependability  of  the  Theory  nf 
Concrete  Arches,  bv  Hardv  Cross. 

Bulletin  No.  2lO.  Tension  Tests  ot  Rivets,  In  W. 
M.  Wilson  and  W.  A.  Oliver. 

Bulletin  No.  215,  The  Column  .\iudof:\,  b\  ll,ird\ 
Cross   (In   Press). 

Bulletin  .     L,ibiirator\  Tests  of  Arches  with 

Decks,  by  W.  \I.  Wil.son   (  In  press). 

Circular  \o.  IS.  The  Construction.  Rehabilitation, 
and  Maintenance  of  (iravcl  Roads,  b\   C.  C.  Wile\. 

Circular  No.  — .  Tests  of  Welds,  by  W.  M.  Wil 
son   ( In  press). 


The  Zero  Hour 

(Conlinuid  from  Page  12i 
them.  This  bridge  was  built  just  after  the  Ci\il  war 
and  is  still  in  perfect  condition.  Test  drills  ha\e  been 
made,  all  to  prove  that  thinjis  were  still  as  good  as  new. 
It  is  said  that  this  structure  will  never  wear  out  so  well 
is  it  biu'lt.  Another  one  like  it  will  never  be  built  be- 
cause of  the  gieat  expense  of  building  so  perfect  a 
structLU'e. 

While  on  this  voyage  it  was  alarmmg  to  note  the 
versatility  and  talent  of  the  "seventy-four  of  us"  that 
suddenly  came  to  its  own.  This  was  manifested  in  the 
pla\ing  of  what  was  left  of  a  piano,  also  in  the  com- 
posing of  .some  daring  forms  of  wit,  verse  and  song, 
daring  inasmuch  as  the  names  of  several  of  the  accom- 
panying professors  were  mentioned. 

In  spite  of  its  small  size  the  city  of  Decatur  offered 
us  some  worthwhile  sights.  The  Decatur  sewage  dis- 
posal plant  was  one.  It  has  a  capacity  of  reaerating 
I (),0()(), ()()()  gallons  of  sewage  per  day.  The  sewage  first 
enters  a  grit  chamber  where  all  sticks,  rags  and  other 
stuff  are  removed.  The  Imhoff  tank  is  next.  It  furnishes 
25  per  cent  of  the  biochemical  oxygen  demand.  It  adds 
four  cubic  feet  of  air  per  gallon  of  sewage  per  minute. 
This  process  of  adding  air  is  called  reaeration.  T  he  Dorr 
tank  is  a  large  settling  basin  with  a  horizontal,  four 
bladed,  fan  shaped  paddle  revolving  very  slowly  in  the 
bottom  of  it.  From  the  Dorr  tank  the  flow  is  to  the 
spra\s  where  the  final  reaeration  takes  place.  The  rate 
of  flow  through  the  plant  is  about  two  and  one-half 
hours.  This  plant  is  efficient  and  out  of  necessity  carries 
a  heavy  load  because  of  certain  manufacturing  industries 
dumping  their  waste  into  the  Decatur  sewers. 

The  Decatur  water  supply  is  furnished  from  an  im- 
pounded lake.  The  water  is  purified  in  a  system  similar 
to  that  in  St.  Louis  but  much  smaller,  of  course.  It  is 
softened  from  fourteen  degrees  of  hardness  to  six  de- 
grees. Six  million  gallons  of  water  per  day  are  pumped 
from   this  artificial   lake  which   impounds  eighteen   miles. 

There  are  al.so  some  pavements  of  interest  in  Decatur. 
South  Main  street  was  a  two  course  brick  pavement.  The 
improvement  included  widening  from  28  feet  to  40  feet, 
consists  of  a  5-inch  slab  covered  with  cruiie  oil  asphalt 
and  is  drained  by  a  ()-inch  gutter.  It  is  remarkable  for 
its  stability.  As  for  cost,  $1.50  is  the  original  price. 
Maintenance   runs  $4.00   per   mile   per   year.       On    the 


.North  Main  street  pavement  the  lepairs  ha\e  amounted 
to  $115  in  the  last  fifteen  years. 

Staley's  railroad  separation  in  Decatur  is  an  ordinary 
steel  truss  structure,  the  steel  being  coated  with  gvniite  to 
pre\ent  corrosion. 

I  ha\e  come  to  the  end  ot  ni\  notes  .-uul  so  to  the 
end  of  m\'  report.  In  trying  to  analyze  just  what  1  really 
gained  from  this  trip  I  find  that  in  addition  to  the 
technical  training  is  the  realization  that  profes.sors  aren't 
such  had  fellows  after  all  ;  the\  aie  realK  human  like 
the  re>r  of  us. 


The  Cofer  Design — The  Pyramids 

To  the  casual  student  of  Egyptology  the  words  Khufu, 
khafra,  and  Menkaura  remain  singularly  familiar.  They 
are  the  names  of  the  Pharaoh-builders  of  the  three  great 
pyramid-tombs  at  Ciizeh.  In  many  respects,  these 
pyramids  which  thrice  dot  the  plains  of  Gizeh  over- 
shadow any  other  attempt  of  the  Egyptians  toward  a 
structural  organization  of  architectural  materials.  At 
tlie  beginning  of  construction  on  the  Great  Pyramid  of 
Khufu  only  a  hundred  and  fifty  years  had  passed  since 
the  Egyptians  first  used  stone  masonry.  In  the  monu- 
ments and  cemetery  buildings  of  Gizeh  therefore,  we 
have  revealed  to  us  the  first  great  civilized  age,  as  well 
as  the  capacity  of  the  first  great  state  of  human  history. 

They  suggest  a  vista  never  to  be  forgotten.  Out  along 
the  desert  margin  lies  many  a  grave  of  the  prehistoric 
Egyptian  peasant.  This  lowly  prehistoric  burial  place, 
the  lineal  ancestor  of  the  pyramid,  emphasizes  most 
forcibly  the  development  of  a  civilization  which  accom- 
plished the  most  tremendous  feat  of  engineering  ever 
achieved  by  ancient  man.  It  was  not  merely  a  develop- 
ment in  the  mechanical  arts,  which  beginning  with  the 
sand  heap  at  last  achieved  the  pyramid,  but  also  a  de- 
\elopment  in  the  organization  of  government  and  society, 
which  slowly  advancing  in  the  thousand  years  or  more 
which  lie  between  the  sand  heap  and  the  pyramid,  has 
gradually  passed  from  the  feeble  initiative  and  limited 
powers  of  the  individual  to  the  elaborate  capacities  of  a 
highly  organized  state,  so  efficient  that  it  is  able  to  con- 
centrate all  its  vast  resources  of  wealth  and  labor  and  me- 
chanical skill  upon  one  supreme  achievement  never  later 
to  be  surpassed. 

The  Great  Pyramid  of  the  Pharaoh  Khufu  built  about 
2900  B.  C,  the  earliest  and  the  largest  of  the  pyramids  at 
Ciizeh,  is  the  most  impressive  surviving  witness  to  the 
final  emergence  of  organized  man  from  prehistoric  chaos 
and  local  conflict.  Here  is  a  tomb  containing  2,300,000 
blocks  of  limestone  each  weighing  about  two  and  a  half 
tons,  the  a.ssembling  and  erection  of  which  in  this  build- 
ing required  the  labor  of  one  hundred  thousand  men  for 
some  twenty  years.  It  required  a  daring  imagination  in 
the  architect,  gazing  out  over  the  empty  plateau  before  its 
occupation  by  this  building,  and  measuring  off  a  square 
containing  some  thirteen  acres,  to  begin  covering  it  with 
a  pile  of  stone  masonry  nearly  five  hundred  feet  high. 

Even  at  the  early  date  of  2900  B.  C.  the  Egyptians 
were  sufficiently  versed  in  mathematics  to  solve  the 
problems  which  the  construction  of  this  great  project  in- 
\olved.  Prior  to  this  date  they  had  establised  a  system 
of  nilometers  to  record  the  varying  levels  of  the  Nile  in 
,ill  latitudes.  The  problems  encountered  in  this  survey 
were  indeed  more  exacting  than  any  of  a  similar  nature 
whicli  the  building  of  the  Great  Pyramid  might  present. 
The  builders  of  the  C^reat  Pyramid,  already  in  possession 
of  the  methods  which  enabled  the  Pharaoh's  engineers  to 
l.iy  out  a  seven-hundred  mile  line  of  nilometers  in  one 
plane,  attained  an  accuracy  in  the  lines  and  angles  of  the 
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pyraniiil,  which  would  be  considered  very  satisfactory 
even  in  a  modern  survey  employing  perfected  instruments. 
The  sockets  cut  into  the  limestone  surface  of  the  desert 
plateau  in  which  the  cornerstones  of  the  (jreat  Pyramid 
were  laid,  still  survive,  though  the  cornerstones  them- 
selves have  been  quarried  out  by  Moslem  vandals.  These 
sockets  enabled  the  archaeologist  Petrie  to  establish  the 
length  of  the  sides  as  755  feet.  The  maximum  error  he 
found  to  be  .63  of  an  inch,  that  is,  less  than  one-fourteen- 
thousandths  of  the  total  length  of  the  side.  The  error  of 
angle  at  the  corners  he  found  to  be  12"  of  a  degree,  that 
is.  one-twenty-seven-thousandths  of  the  right  angle  which 
the  architect  had  laid  out  at  the  corner. 

It  is  not  a  little  interesting  to  follow  the  methods  by 
which  the  workmen  de\eloped  the  power  to  manipulate 
the  \ast  masses  of  structural  materials  which  the 
pharaoh's  architects  were  called  upon  to  rear  nearly  500 
feet  above  this  ground  plan.  The  ruins  of  other  pyramids, 
and  a  pyramid  left  in  an  unfinished  state  at  Gizeh,  have 
revealed  much  of  the  process  of  construction.  Ramps  of 
sun-dried  brick  which  were  built  higher  as  the  pyramid 
rose,  furnished  an  inclined  plane  up  which  the  stone 
blocks  were  dragged  by  main  strength,  on  wooden  sledges. 
Just  how  each  block  was  shifted  from  the  sledge  to  its 
particular  place  in  the  structure  is  still  luicertain ;  for 
the  description  of  the  device  for  this  purpose  left  us  by 
tile  historian  Herodotus  is  not  clear.  After  the  comple- 
tion of  the  core  ma.sonry,  the  workmen,  beginning  at  the 
apex  of  the  pyramid,  proceeded  to  fit  and  set  the  polished 
masonry  covering  of  the  pyramid.  As  the  work  pro- 
ceeded toward  the  bottom  the  ramps  were  removed. 

The  most  remarkable  feat  of  engineering  involved  in 
the  erection  of   the  (jreat   Pyramid   is  probably  the  con- 


POWER,   ELECTRICAL  AND   INDUSTRIAL  MACHINERY 


Heavy  Machinery 

For  nearly  thirty  years  the  name  Allis-Chalmers  has 
among  engineers  been  synonymous  with  heavy 
machinery.  During  a  much  longer  period  the  com- 
panies which  united  to  form  the  Allis-Chalmers  or- 
ganization were  prominently  identified  with  the  man- 
ufacture of  many  lines  of  power,  electrical  and  in- 
dustrial machinery.    In  many  of  these  lines  they  were 

pioneers  and  in  practically  all  of  them 
^  they  were   recognized   leaders.     This 

"^^  leadership  is  maintained  today  in  the 

many  products  of  Allis-Chalmers. 


Products  of  Allis-Chalmers 

izt  Equipment,  Steam  and  Hydraulic  Turbines,  Steam, 
s  and  Oi  I  Engines,  Condensers,  Ccntrifuga  I  Pumps, 
Pumping    Engines  —  Electnca  I  Machinerv,  Motors, 
Generators,   TransFormers,  Switchgear  —  Mining 
and  Metallurgical  Machinery:  Steam  and  Elec- 
trical   Hoists,   Timber  Preserving  Machinervi 
Crushing    and    Cement   Machinerv;  Flour 
and  Saw  Mil  IMachincry,Texrope  Drives,- 
Farm,   Industrial  and  Crawler  Tractors, 
Agricultural  Machinery- 
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LLIS-CH^LMERS  M/qNUFACTURINGfO. 

MILWAUKEC,    WIS.    U.S.A.  ^ 


Melting  Metal 

. . .  under   absolute    control 

Bronze  for  Jenkins  Valves  is  melted  in 
electric  furnaces.  Temperature,  duration  of 
heat,  exclusion  of  fuel  and  atmospheric 
gases  ...  all  important  in  the  making  of 
good  valves  . . .  are  under  absolute  control 
.  .  .Jenkins  Valves  in  standard,  medium 
and  extra  heavy,  are  obtainable  for  power 
plant,  plumbing,  heating,  or  fire  protection 
requirements.  Send  for  booklet  descriptive 
of  Jenkins  Valves  for  use  in  any  type  of 
building  in  which  you  may  be  interested. 
Jenkins  Bros.,  80  White  St.,  New  York  ... 
524  Atlantic  Avenue,  Boston  .  .  .  133 
North  Seventh  Street,  Philadelphia  .  .  . 
646  Washington  Boulevard,  Chicago  .  .  . 
1121  North  San  Jacinto,  Houston  .  .  . 
Jenkins  Bros.,  Ltd.,  Montreal  .  .  .  London. 


Melting  Jenkins  Vulve  Bronze 
in  Electric  Furnaces 
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Modern  Production  Equipment 
for  Modern  Millings 

THE  present  day  production  engineer  realizes 
the  losses  that  result  from  the  use  of  obsolete 
methods  and  equipment,consequentIy,you  will  find 
him  continuously  recommending  the  purchase  of 
modern  up-to-the-minute  production  units. 

For  milling  operations' — 'the  production  of  ac- 
curate duplicate  parts  in  quantities' — ^the  Brown  & 
Sharpe  No.  21  Automatic  Milling  Machine  offers 
some  remarkable  production  possibilities.  Fully 
automatic  in  operation,  this  machine,  in  the  field  of 
work  for  which  it  is  adapted,  will  generally  replace 
at  least  two  ordinary  milling  machines. 

It  pays  to  always  be  familiar  with  the 
latest  developments  in  Brown  &  Sharpe 
Machine  Tools,  a  complete  catalog 
of  which  will  be  sent  upon  request. 


BROWN  H  Sharpe 


striiction  chambers  rising  in  a  series  over  the  sepulchre 
chamber.  Here  is  a  series  of  five  roofs,  the  lowest  built 
of  granite  blocks  almost  tueiitv -seven  feet  long,  six  feet 
lligh,  and  over  four  feet  thick.  The  blocks  weigh  some 
fifty-four  tons  each.  After  being  quarried  at  the  First 
Cataract,  these  heavy  blocks  were  brought  six  hundred 
miles  down  the  ri\er,  dragged  up  the  plateau,  and  then 
up  the  brick  ramps  to  a  level  perhaps  two  hundred  feet 
above  the  pavement,  where  they  were  so  laid  that  the\ 
might  protect  the  burial  chamber  from  being  crushed  in 
by  the  weight  of  the  masonry  above  it.  The  principle 
which  the  pyramid  engineers  seem  to  have  had  in  mind 
was  a  mistaken  one.  They  seem  to  have  thought  that  if 
the  topmost  granite  roof  gave  way,  it  was  a  good  thing 
to  have  another  ready  just  below  it.  The  series  of 
granite  roofs  is  therefore  of  purely  contingent  value. 
They  are  crowned  howe\er.  b\  a  wiser  construction  of 
enormous  limestone  beams,  an  aich  in  principle,  but  in 
appearance  a  peak  roof.  These  vast  beams  of  limestone 
receive  the  burden  on  their  peak  and  by  their  sideward 
thrust  transfer  it  to  the  core  masonry  of  the  pyramid  on 
each  side  of  the  sepulcher  chamber,  and  thus  save  the  roof 
of   the   latter   from   being   crushed   in. 

The  ponderous  mechanics  of  which  the  pyramid  en- 
gineers were  master  is  impressi\ely  illustrated  by  the 
enormous  mass  of  stone  chips  produced  by  the  army  of 
stone-cutters  who  wrought  2,300,000  two-and-a-half  ton 
blocks  of  limestone  for  the  pyramid  masonry.  The  accu- 
mulation of  this  rubbish  had  to  be  disposed  of,  and  the 
foreman  had  it  carried  to  the  edge  of  the  plateau  and  shot 
over  the  face  of  the  cliff  where  it  still  lies  at  the  angle 
of  rest.  It  is  equal  in  bulk  to  about  half  of  the  mass  of 
the  pyramid  itself. 


BAUSCH 
&  LOMB 

PREcTsiON 


Tool  Maker's  Mi- 
croscopes — accurate 
to  .0001.  One  of  the 
Bausch  &:  Lomb 
family  of  precision 
instruments  for  solv- 
ing the  problems  of 
industry. 


BROWN"  ,&  Sll.ARIT  MIC.  CO. 


PROVIDl.NCi:.  R.  I  ,  U.  S.  A. 


FOR  BETTER  VISION  .  . 
ORTHOGON  LENSES 


BAUSCH  a  LOMB 
OPTICAL  COMPANY 


«3S   ST.  PAUL   STREET 
ROCHESTER,  NEW  YORK 
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WHERE 

EXPERIMENT 

HOLDS  FORTH 


A  section  of  (he  Physical  Loborolory 


Dow: 


MARK 


I 

I  the  close  contact  of  our  men  with  the 

"^  consistent  development  of  new  proc- 
esses and  new  products,  inspires  the  desire 
to  follow  thru  individual  ideas. 

Our  stafF  of  over  190  graduate  chemists, 
physicists  and  mechanical  engineers  is 
always  alert  to  discover  new  and  better 
methods  and  products  as  well  as  to  test 
and  check  the  old  ones. 

The  facilities  offered  by  our  finely  equip- 
ped chemical,  physical  and  metallurgical 
laboratories,  and  a  complete  chemical 
library    are    available    to    our    personnel. 

Such  co-operation  results  in  better  prod- 
ucts for  our  customers  and  broader  op- 
portunities for  our  men. 


THE        DOW       CHEMICAL        COMPANY,        MIDLAND,        MICHIGAN 
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Physics  Teacher  (having  a  review): 
"Are  there  any  (lucstioiis  that  \(ui  wmiKI 
like   to   have   discussed?" 

Clare  (a  student  who  expects  to  stiuh 
law  and  finds  phvsics  a  liorc):  "1  would 
like  to  know  how  Boyles  Law  is  en- 
forced ?" 

The  teacher  hesitates,  not  knowing 
what  to  say  and  to  his  relief  for  once  the 
wit  of  the  class  responds:  "Apply  a 
little  pressure." 


Son:     "What  was  the  stone  age?" 
Dad:      "That   was    the    period    when    a 
man  axed  a  woman  to  marry  him." 


Then  there  was  the  Scotchman  Avho 
would  berate  himself  until  he  was  froth- 
ing  at   the   mouth — then    he   would    shave. 


"Do  you  dance?" 
"Ves  I  love  to." 
"That  heats  dancing  arn    tiine." 

—Snur   OkI. 


Police   Sargeant:     "Is   the   man   danger- 
oush'   wounded  ?" 

Patrolman:      "Two    of    them    are    fatal, 
hut   the  other  one   isn't   so   had." 

—PalhfinJn: 


Hiram:  ''Wal,  is  your  boy  going  to 
study  higher  mathematics  in  college  ?" 

Hank:  "Yep,  I  s'pose  so.  I  heard  tell 
them  football  signal  numbers  go  as  high 
as  202."  — Palhfindrr. 


Doctor:  "I  am  afraid  I  have  some 
bad  news  for  you.  You  will  never  be 
able  to  work  again." 

College  Stude:  "Whadda  ya  mean,  bad 
news." 


Co-ed:     "Who   was   at  your   part\?" 
No.  2:     "Oh  some  engineers  and   a   fe\v 
invited  guests."  ...  — In<iua  Entiinn-r. 


He:     "I  think  I  have  a  flat  tire." 
She:     "Oh  give  me  a  chance,   we're  not 
a  block  from  home  yet." 


"Clothes  give  a  man  a  lot  of  confi- 
dence." 

"They  sure  do.  I  wouldn't  go  without 
them." 


She;     "Look,  Harvard's  gonna  kick  off. " 
Son   of   Eli:     "Say,   they've   been   dead 
for  vcars."      — I'andirhill  MasqurraJir. 


Some  plants  derive  benefit  from 
artificial  light.  The  electric  light  plant 
is  one   of  them.  — Humorist. 


I'liK   25Kn   Ps.M.M    JO   .\\    Encixkkk's 
SwKKriii:  \Ri 
\'t'rll\    I    say    unto   you,    inarr>    not    an    en- 
gineer, 
Lor   an   engineer   is   a    strange   being,    aiul 

is  possessed 
Of  many  devils. 
Yea,    he    speaketh    eternally    in    parables, 

which    he    callcth    formulae. 
And  wieldeth  a  big  stick  which  he  calleth 

a  slide   rule, 
.'\nd   hath   only  one  bible,    a   handbook. 
He    thinketh    only    of    stresses    and    strains 

and  without  end  of  thermodynamics. 
He   showeth  always   a   serious   aspect,   and 

he   seemth   not  to  kno\v 
Hnw    to  smile   and   he   picketh   his   seat   in 

the  car  by  springs  therein  and  not  by 

damsel. 
Neither  does   he   know   a   waterfall    except 

by  its  horsepower,  and  a 
Sunset,    except   that    he   must   turn    on    the 

lights,    nor   a   damsel 
Except  by  her  live  weight. 
."Mways    he    carries    his    honks    with    him 

and    entertaineth 
His   sweetheart   with  steam   tables. 
\'erily,  though  his  damsel  expected  choco- 
lates when   he  calleth. 
She    openeth    the    package   but   to    disclose 

samples   of   iron   ore. 
Vea,   he  holdeth  his  damsel's   hand,  luit   to 

measure   the   friction, 
.•\nd   kisses  her  but  to  test  the   viscosity. 
For  in  his   eyes  there  shineth   a   far   awav 

look,    that   is   neither 
Love   nor   longing — rather   a   vain   attempt 

to  recall  a  formula. 
There  is  but  one  key  to  his  heart,  and  that 

is  Tau  Beta  Pi,  and 
One  love  letter  for  which  he  yearneth  and 

that  is  an  "A." 
When    his    damsel     writcth     of    love    and 

signeth    with    crosses    he 
Takes    not    these    symbols    for    kisses,    luit 

rather 
For   unknown   i|uaiuities. 
F.ven    as    a    boy,    he    pulleth    a    girl's    hair 

but  to  test   its  elasticity. 
Hut   as   a   man   he   discovered   different    de- 
vices ; 
For    he   count   the   vibrations   nf    her   heart 

strings,   and 
Reckoneth  the  strength  of  her  materials. 
He    seeketh    ever   to    pursue    his    scientific 

investigations,    even 
His    heart    flutterings    he    counteth    as    a 

vision  of  beauty 
.'\nd   inscribeth   his   passion   as   a   formula. 
".And    his   marriage    is    as    a   simultaneous 

ei|uation,    involving    two 
I  iiknowns  and  yielding  diverse   results." 
ll'fSlinr//ioiui- — "Campus  Seoul." 


.\  young  salesman  was  seen  to  turn 
away  from  a  prospective  buyer  of  an 
electric  washing  machine  with  a  disgusted 
look  on  his  face.  The  "boss"  immediately 
\\anted   to   kno\v  why. 

"She  doesn't  want  an  electric  washing 
machine,"  the  young  man  replied,  "I 
turned  on  the  current  and  showed  her 
how  it  worked  and  finallv  she  pointed  to 
the  hole  in  the  bottom  and  asked": 

■'What   is   that   for?'   ' 

"To  let  the  water  out,"   I  said. 

"Oh,  then  it  doesn't  wash  by  electricity  ; 
\ou   have  to   use   water." 

— Siierur  and   In-Vt'ntinn. 


Some  of  the  boys  from  the  .Arc  building 
tell  us  that  Otto  Hills  has  graduated  to 
the  ranks  of  housewife.  Over  the  holidays 
he  was  seen  at  the  Phi  Psi  cottage  garbed 
in  an  apron,  turning  out  meals  and  such 
for  a  few  of  the  happy  gents. 


He:  "This  plane  is  equipped  with  twn 
Wright  Whilrwind  motors." 

She:  "Whv  didn't  they  make  one  of 
them  a  left?"     — Science  and  Invention. 


1st    Co-ed:      "Don't    you    speak    to    him 
any  more?" 

No.  2:      "No,  whenever  I  see  him  I  give 
him  the  geological  survey." 

1st  Co-ed:     "Geological  survey?" 

No.    2:      "Yes,    that's    what    commonly 
krunvn   as  the   stony  stare." 

— Kansas  Sour  Oivl. 


The  drunk  halted  in  front  of  an 
enormous  tarpon  in  a  glass  case.  He 
looked  at  it  for  a  minute  or  two.  Then 
he  said,  "The  fellow--hic-\vho  caught  that 
-hic-fish   is   a   liar." — American  Mutual. 


He:  "He's  an  old  flame  nf  vours,  isn't 
he?" 

She:  "Yes.  Just  look  at  him.  .About 
half    lit    now." 


Hotel  clerk  to .  Farmer  who  had  spent 
his  first  night  in  a  hotel:  "Well,  how 
did  you   sleep  last  night?" 

Farmer:  "I  didn't  sleep  at  all;  the 
light  was  burning." 

Clerk:      "Why  didn't  you  turn   it  out?" 

Farmer:  "I  blew  on  it  for  an  hour, 
but  the   darn   thing  had   glass   around   it." 


Professor  of  Astronomy:  "How  many 
classes  of  heavenly  bodies  are  there?  " 

Freshman  (An  ardent  admirer  ot  tlie 
fair  sex);  "Three  Professor — blondes, 
brunettes   and    redheads." 
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Smith-mixed  Concrete 
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for  Milwaukee 
County 
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House 


KOEHRING 

Pavers,    Mixers;    Power   Shovels, 

Pull  Shovels,  Cranes,  Draslines; 

Dumptors. 

INSLEY 

Excavators;    Concrete    Placing 

Equipment;  Cars,  Buckets, 

Derricks. 

T.  L.  SMITH 

Tilting  and  Non-tilting  Mixers, 

Pavers,   Weigh-Mix. 

PARSONS 

Trenchers,  Backfillers. 

C.  H.  &:  E. 

Portable    Saw    Rigs,    Pumps, 

Hoists,  Material  Elevators, 

Ditchers. 

KWIK-MIX 

Mixers  —  Concrete,  Plaster  and 

Mortar. 


One  of  the  largest  county  court  houses  in  the  United 
States  is  nearing  completion  at  Milwaukee,  Wiscon- 
sin. This  new  eight  million  dollar  building  of  classical 
architecture  takes  an  imposing  position  on  its  raised 
elevation. 

General  dimensions  show  a  length  of  450  feet,  a  width 
of  200  feet  and  a  height  of  200  feet.  In  the  foundation, 
6,700  piles  were  sunk  in  order  to  provide  a  secure  base 
for  the  heavy  structure.  There  were  12,000  tons  of 
steel  used  in  the  building  and  the  limestone  order, 
which  was  third  largest  placed  in  the  United  States 
during  1929,  amounted  to  303,000  cubic  feet.  The  six 
columns  over  the  entrance  are  7  ft.  6  in.  in  diameter 
and  are  60  ft.  high. 

Among  the  N.  E.  C.  machines  used  on  the  Milwaukee 
County  Court  House  was  a  large  Smith  Tilting  Mixer 
of  2  yard  capacity.  With  the  famous  Smith  end-to- 
center  mixing  action,  the  big  tilter  mixed  10,000  cubic 
yards  of  concrete — Smith-mixed  concrete  for  per- 
manence. 


National  Equipment 
Corporation 


30th  St.  &  Concordia  Ave. 
Milwaukee*  Wisconsin 
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STOCKHAM  FITTINGS 

^for  straight  lines  and  strenQth 


To  design  and  make  fittings  to  best  perform  the  function  for  which  they 
are  intended  is  a  Stockliani  ideal  that  has  been  rigidly  maintained  for 
over  a  quarter  century.  Every  Stockham  Fitting,  to  be  a  reflection  of  that 
ideal,  demands  accurate  design,  expert  metallurgical  control,  painstaking 
workmanship  anti  thorough  inspection.  These  are  some  of  the  reasons 
why  Stockham  Fittings  always  make  up  easily  on  the  job  to  straight  lines 
and  tight  joints,  and  why  you  may  always  depend  upon  them  for  every 
kind  of  pipe  line  ser\'ice. 

STOCKHAM    PIPE    &    FITTINGS    COMPANY,     Birmingham,    Alabama 


\  M.    II.    M 
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M  MIAM,    •«."-. 
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C.  STOCKHAM,  ex  '()<) 
President 
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R.  J.   STOCKHAM.  ex   -K, 

Secretary 
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CAST  IRON 

Screwed 

Flanged      Sprinkler 

MALLEABLE 

Standard      Extra  Heavy 

Hydraulic     Oil  Country 

Railroad  ^oo  lb.     Fire  Line 

ELECTRIC 
CAST  STEEL 

Screwed      Flanged 

STOCKHAM 
RETURN  BEND 

for  Cracking  Stills 


The  Modern  Way  of  Building  Highways 


A  labor-iitviiig  combination — "j.ukh.Diun"  operating  jiom  an  l-R  portable 
air  compresior 


"Jackhamer"  Drills  and  portable  air  compressors  have  been 
tremendous  factors  in  making  the  United  States  a  land  of 
fine  highways. 

Before  the  introduction  of  these  powerful  tools,  road' 
building  was  a  tedious  job.  Nowadays,  broad,  smooth, 
paved  highways  are  constructed  with  remarkable  speed 
and  frequently  at  a  lower  cost  per  mile. 

The  "Jackhamcr"  Drill,  of  which  there  are  now  eight  sizes, 
is  widely  used  throughout  the  world  in  road  building,  min- 
ing, foundation  work,  and  many  other  projects  too  numer' 
ous  to  mention. 

Wherever  you  go,  at  home  or  abroad,  you  will  find  I-R 
sales  and  service  offices  ready  to  serve  you. 


INGERSOLL-RAND  CO.      .      -      11   Broadway,  New  York 

Branches,   or  distributors   in  principal  cities  the  world  over 

For  Canada  Refer— Canadian  Ingersoll-Rand  Co..  Limited 

10  Phillips  Square.  Montreal,   Quebec 

Ingersoll-Rand 


DRIVING  A  RIVER  UP  A 
SKYSCRAPER 


SEVEN  hundred  and  fifty  gallons  of  water  a 
minute  pouring  out  from  three  nozzles  over 
one  thousand  feet  above  the  busy  streets  of 
Manhattan — a  small  river  driven  skyward  77 
stories — that's  the  service  afforded  by  the  G-E 
motorized  fire  pumps  of  the  famous  Chrysler 
building. 

During  a  recent  test  these  pumps  developed  a 
pressure  of  58  pounds  per  square  inch  at  the 
77th  floor,  or  422  pounds  pressure  per  square 
inch  at  the  basement  installation — a  mighty 
test  for  drive  and  pump  alike.  A  stunt.'  No! 
Such  protection  must  be  maintained  as  long  as 
needed — on  a  second's  notice. 

Such  outstanding  performance  has  won  con- 
fidence for  the  hundreds  of  G-E  products.  This 
confidence  has  been  maintained  largely  through 
the  work  of  more  than  three  decades  of  college 
graduates  who  are  members  of  the  G-E 
organization. 


G-E    U)0-hp.    molor   driving    a    LeCourtenay  fire    pump 

locjirj    in    the    hatemeni  i>l  Ihe   Chrysler  bliildir 

S,u     York    Ci/y 
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Again  people  talk  excitedly  of 


(( 


Burning  Air" 


TT  ^1 1 1'.N  a  public  display  ot  j^as 
»  *  lighting  was  given  in  London 
in  1S02  to  celebrate  the  Peace  ot 
Amiens,  people  talked  excitedly 
of  burning  air.  Napoleon  called  it 
a  grand  folly,  and  Sir  Walter  Scott 
wrote  that  the  world  was  going  mad. 

Thus  \\  as  ushered  in  the  era  ot  gas 
illumination.  It  lasted  tor  75  years. 
Then  electricity  stole  the  held  and 
the  gas  giant  dozed  through  a 
quarter  century,  used  chietly  tor 
kitchen  cookery. 

Now  it  reawakens  in  a  changed 
world,  to  new  possibilities,  greater 
opportunities.  Eighty  thousand 
miles  ot  pipe  lines  already  laid, 
extensiyelv  ec]uipped  with  Crane 
yahes  and  httings,  prove  that  the 
old  problem  of  transportation  is 
solved.  Pipe  lines  crisscrossing  the 


country  as  numerously  as  electric 
power   ones  are   treely   predicted. 

What  has  brought  this  second 
greater  gas  era?  The  answer  is: 
piping  materials.  Thanks  to  these, 
gas  men  can  say  tor  the  first  time 
that  they  are  able  to  pipe  gas  in 
enormous c]uantitiestrom  Amarillo 
gas  fields  to  Chicago,  trom  isolated 
natural  gas  tields  to  users  everywhere. 

No  matter  what  tield  ot  engineer- 
ing you  take  up  on  graduation, 
you  will  find  its  future  and  its 
growth  interwoven  with  the 
development  ot  piping  materials. 
And,  as  in  the  past  this  develop- 
ment has,  time  after  tinie,  been 
first  reflected  in  the  complete 
Crane  line,  it  will  pay  you  to  keep 
in  touch  with  Crane  research  and 
Crane  materials. 


y a  Ives 


^CRAN  E' 

PIPING    MATERIALS   TO   CONVEY   AND   CONTROL  STEAM,    LIQUIDS,    OIL,    GAS,    CHEMICALS 

CRANE  CO.,   GENERAL   OFFICES:   836  S.  MICHIGAN   AVE.,   CHICAGO 

NEW  YORK  OFFICES:  23  WEST  44TH  STREET 

Rriiiiiliis  mil/  Sit  In  Offices  in  Tuo  Hundred  Cities 
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ally  all  ftrruus  and  n,.n-l. 

and  non-ferrous  metaU  —  ran  be 

d  adi'anla^eously  by   oxweldin^^ 


At  Leni^n  University 

Packara  Lao  oratory  Piping 

IS  Oxweiaea 

OXWELDING  was  selected  as  the  means  of  installing  the 
piping  system  of  the  James  Ward  Packard  Laboratory 
because  of  its  many  advantages  over  other  methods  of  pipe  join- 
ing. It  lowered  costs  in  every  step  of  the  installation.  Design  was 
simplified.  Fittings  were  fabricated  from  standard  pipe  section. 
Weight  was  reduced.  Insulation  was  facilitated  and  less  time 
was  required  to  complete  the  job.  The  piping  system  in  this 
building  is  permanent.  Every  joint  is  as  strong,  as  tight,  as  leak- 
proof  and  as  lasting  as  the  pipe  wall  itself. 

The  oxy-acetylene  process  of  welding  and  cutting  metals  has 
many  other  interesting  applications  in  the  de- 
sign, construction  or  fabrication  of  metal  parts 
or  structures.  Tomorrow's  engineers  will  be  ex- 
pected to  know  how  to  apply  this  modern 
metal  -  working  process.  Several  valuable  and 
interesting  technical  booklets  on  design  and 
applications  are  available.  Write  us  if  you  are 
interested. 

THE  LINDE  AIR  PRODUCTS  COMPANY  a,,= 

Unit  of  Union  Carbide  and  Carbon  Corporation  l'^^', 

Butfa 
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IN  CANADA,  DOMINION  OXYGEN  COMPANY,  LTD.,  TORONTO  Ocn. 

IINDE  OXYGEN    ■      PdEST-O-LITE  ACETYLENE    •      OXWEID  APPARATUS  AND  SUPPLIES 
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F!a»ged     Sprinkler 

MALLEABLE 
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H\draiilic      Oil  Country 

Railroad  }oo  lb.     Fire  Line 

ELECTRIC 
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STOCKHAM 
RETURN  BEND 
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WM.  H.  SlOt'.KIIAM,  "Sr,  .  .  .  Founder 
MRS.  K  V  TK  K.  STOCKHAM.  'Sr..  Uirrrtor 
II.  C.  STOCKHAM.  <x  •()<!  .  .  President 
l>.  W.  SI0<:KHAM,  '21  .  Vi.e-I'resiilent 
R.  J.  STOCKHAM,  e«  "26  .  .  Seeretary 
G.  PETES<;H,  e<  '19       .     .     AssUtant  Gen- 
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To  many  users,  the  measure  of  a  good  fitting  is  the 
threads.  Of  course,  Stockhani  Fittings  get  unani- 
mous approval  for  their  clean,  just-right-depth 
threads,  but  more  should  be  demanded.  Tapping 
must  be  uniform  to  exact  centers  so  pipe  will  line 
up  exactly  according  to  blueprint — inner  surfaces 
must  be  smooth  for  unimpeded  flow — finish  shouhl 
be  good  for  fine  appearance — galvanizing  must 
stand  up — metal  must  be  flawless.  Look  for  these 
qualities  and  you  will  find  Stockhani  Fittings  meas- 
ure up  <)n  every  point.  Over  12,000  different 
fittings  in  the  complete  Stockhani  line  answer  every 
pipe  line  need  for  steam,  water,  gas,  oil  or  air. 
STOCKHAM  PIPE  &  FITTINGS  CO.,  Birmingham,  Ala. 

Slorhs  in  Boston.  'Vpir  York.  Chicago,  Houston.  Los  Angeles 
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Interesting  Features  of  the  New  Hudson 

River  Bridge 

Ariiii  r  L.  Loc.w,  c.f.  '31 


THE  new  Hudson  River  bridge  which  will  connect 
the  New  York  shore  with  the  New  Jcrsev  shore  is 
being  built  at  a  cost  of  $60,000,000.  It  is  a  3,500 
foot  span  and  will  take  five  years  to  complete. 

I  will  start  my  discussion  with  the  construction  on 
the  New  Jersey  shore.  The  anchorage  for  the  cables  is 
imbedded  in  the  Palisades,  which  are  high  rock  cliffs 
rising  above  the  Hudson  about  300  or  400  feet.  This 
anchorage  was  blasted  out  in  an  unusual  manner. 

First  a  shaft  was  dug  straight  down  through  the  rock, 
then  horizontal  shafts  or  tunnels  were  made  to  the  points 
at  which  the  bottoms  of  the  two  anchorages  were  to 
come.  Tracks  were  laid  and  small  dump  cars  run  on 
them  to  the  vertical  shaft  where  a  hoist  was  placed.  Tile 
anchorage  pits  were  then  blown  up  and  out  at  the  top, 
and  the  rock  fell  by  gravity  into  the  dump  cars,  there 
to  be  taken  to  the  shaft  and  sent  up.  This  stone,  in- 
cidentally, was  sold  and  taken  to  a  $100,000  crushing 
plant,  crushed  and  resold  for  use  in  the  concrete. 

After  the  shaft  was  finished,  large  girders  were  placed 
in  the  bottom  of  it  and  eye  bars  connected  to  them  b\ 
ten  inch  pins.  122  e\e  bars  were  connected  to  these 
girders,  and  then  20,000  cubic  yards  of  concrete  were 
dumped  into  the  pit. 

At  the  same  time,  the  anchorage  on  the  New  ^  ork 
side  was  being  constructed.  This  is  a  large  concrete  block 
with  the  girders  and  eye  bars  imbedded  in  it.  It  is  com- 
posed of  110,000  cubic  \ards  of  concrete,  enough  to  build 
a  roadway  IS  feet  wide  and  53 Vj  miles  long.  This  mass 
of  concrete  will  hold  the  cables  on  the  .New  ^'ork  side. 

In  the  meantime,  many  men  were  erecting  the 
gigantic  towers  on  the  New  York  and  New  Jersey  shores. 
These  are  635  feet  high.  100  feet  higher  than  the  Wash- 
ington Monument,  and  contain  40,000  tons  of  structural 
steel.  The  towers  have  an  arch  through  which  the  road- 
way runs,  and  at  the  top,  just  above  the  large  sections 
that  carry  the  loads,  arc  the  saddles  over  which  the  cables 
are  placed. 

After  the  towers  and  anchorage  were  completed,  the 
catwalk  was  erected.  The  wires  which  hold  these  walks 
are  four  groups  of  cables,  nine  in  a  group,  2"/x  inches  in 
diameter.  Each  cable  was  tested  on  the  largest  pre- 
cision testing  machine  which  has  a  tensile  strength  of 
2,000,000  pounds  and  samples  took  1,360,000  pounds,  be- 
fore they  broke.  These  wires  are  to  be  cut  after  the 
cables  are  finished,  and  used  as  suspender  ropes  hanging 
from  the  cable  to  hold  the  bridge. 

These  wires  were  strung  in  a  different  manner  th.ni 
usual,   for  the  section   from  the  top  of  the  tower  to  the 


anchorage  was  hoisted  to  the  tower  and  fastened.  The 
section  from  tower  to  tower  across  the  river  was  put  in 
place  by  first  laying  the  cable  on  the  river  bed.  Two 
hoists,  one  on  each  tower,  took  hold  of  the  cable,  and  at 
a  given  signal  the  two  hoists  started  and  carried  the 
wires  to  the  top  where  they  were  fastened. 

The  catwalk  was  then  erected  on  the  cables.  This 
was  done  by  two  carriers,  one  from  each  shore,  suspended 
from  the  cables.  They  started  from  the  center  of  the 
span  and  laid  the  catwalk  sections  to  the  towers. 

The  catwalk  it.self  is  25  feet  wide,  made  of  a  light 
steel  frame  and  covered  with  wood  planking.  On  the 
walks,  the  cables  are  laid  and  the  men  stand  to  guide 
them  and  place  them.  They  are  kept  from  swaying  in 
the  wind  by  a  $1,000,000  guying  boom  which  was  de- 
signed and  constructed  for  this  bridge.  It  consists  of  a 
boom  hanging  out  over  the  water  with  many  wires  con- 
necting the  walk  and  the  towers,  holding  the  walks 
stable  even  in  the  strongest  winds.  Ry  this  expenditure, 
the  loss  of  life  was  leduced. 

With  the  catwalks  completed,  the  work  of  spiiming 
the  cables  was  begun.  Machinery  was  placed  on  both 
sides  of  the  river  for  the  unwinding  of  the  large  reels 
of  wire  which  fomi  the  cables.  These  reels  were  brought 
to  the  foot  of  the  towers  in  boats,  unloaded  by  Chicago 
booms,  and  sent  to  the  top  of  the  cliff  on  a  cable.  They 
weighed    IS, (10(1  pounds  each  and  contained    IbO.OOO  feet 
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ken  from  reel  No.  1.  passed  over  the  "spin 
Hind  strand  shoe  1  on  the  New  Jersey  shore. 
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of  win-.  While  spimiiiig  the  cables,  tluic  were  txvo  sets 
of  reeling  machines  on  each  side  of  the  ii\er,  placed  so 
that  16  reels  of  wire  are  being  used  simultaneously. 

A  few  words  about  the  wire  which  is  to  make  up 
these  cables  will  help  to  show  the  careful  way  in  which 
the  work  is  carrieil  on.  It  is  galvanized  wire  .9S  inches 
in  diameter,  the  four  cables  taking  !()(), ()()()  miles  of  it, 
weighing  57,000  tons.  From  each  reel,  a  piece  is  taken, 
and  tested  for  ultimate  strength,  clastic  limit,  ultimate 
elongation,  and  bendinf:.     Tlie  wire  in  each  strand  is  one 
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continuous  piece,  42S'  miles  long,  each  reel  being  con- 
nected by  a  turned  connection  which  has  the  equi\alent 
strength  of  an  unbroken  wire. 

The  wire  is  spun  b\'  placing  it  on  a  wheel  which 
travels  from  the  New  York  side  to  the  New  Jersey  side, 
and  at  the  same  time,  a  Avheel  goes  from  the  New  Jerse\' 
side  to  the  New  York  side.  It  takes  ten  minutes  for  one 
trip  and  makes  45  trips  a  day.  One  end  of  the  wire  is 
looped  over  a  strand  shoe,  then  over  the  wheel  and  to  the 
reel.  The  spinnning  v\heel,  as  it  is  called,  goes  from  the 
New  Jersey  side  to  the  New  York  side  carrying  this  wire, 
thereby  laying  two  wires,  and  at  the  same  time,  another 
wheel  leaves  the  New  York  side  for  the  New  Jersey  side 
with  a  wire.  In  this  way,  four  wires  are  laid  every  time 
the  wheels  cross,  and  four  strands  are  being  strung  at  the 
same  time. 

The  cable  is  inade  up  of  61  strands,  in  each  of  which 
are  434  wires,  making  26,474  wires  in  each  cable.     The 


cable  is  36  inches  in  diametei  and  weighs  3,020  pounds 
per  foot.  The  strands  are  put  in  place  and  adjusted  to 
the  proper  sag  with  precision  instruments.  During  the 
s|iinning  of  these  cables  the  towers  compressed  two  inches. 

The  61  strands  were  bunched  and  compressed  by  a 
circidar  frame  which  has  twelve  60-ton  hydraulic  jacks 
in  the  form  of  a  circular  .shoe.  These  jacks  squeeze  the 
cable  into  a  circular  shape,  and  are  capable  of  a  pressure 
of  720  tons.  The  squeezing  was  started  at  every  200 
feet,  but  finalh'  at  every  three  feet.  This  is  to  prevent 
bunching  at  the  tower  saddles.  Aftc  squeezing,  the 
cible  was  wrapped  with  wire  so  that  it  would  keep  its 
c\lindrical  form.    This  is  called  "seizing." 

The  spinning  of  the  four  36  inch  cables  took  one 
>ear,  and  then  work  on  the  roadwa>'  was  started,  the  cat- 
walk cables  being  iised  as  suspender  ropes  to  support  it. 
After  these  are  on,  the  cable  will  be  wrapped  with  soft 
galvanized  wire  and  given  several  coats  of  paint. 
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It  was  very  interesting  up  in  the  towers  watching 
the  spinning  wheel  go  by  every  ten  minutes,  and  as  the 
wires  passed,  to  see  men  place  them  in  the  sockets  and 
bind  them.  Each  wire  was  given  the  correct  sag  by 
machines  which  pulled  it  to  position  at  six  different 
points.     These  kept  the  wires  uniform  in  sag  and  length. 

This  bridge  was  set  up  in  minature  at  the  Roebling 
Factory  in  Trenton,  N.  J.,  before  construction  started. 
Every  detail  was  worked  out  on  this  miniature,  and  tests 
were  made  in  their  laboratory.  The  saddles  at  the  top 
of  the  towers  were  tested,  as  was  the  cable  for  the  cat- 
walk. A  ten  foot  section  of  the  large  cable  was  made 
which  weighed  30,200  pounds  and  after  being  compressed 
by  the  720  ton  hydravdic  jack,  had  a  diameter  of  36 
inches.  The  whole  job  was  carefully  planned  and  worked 
out,  before  the  work  was  started,  and  it  is  a  piece  of 
modern  engineering  which  can  onl\'  be  appreciated  by 
being  on  it  and  watching  the  work  as  it  goes  on  with 
clock-like  regularity. 
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The  Bonnet  Carre  Spillway 
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IT  WAS  thi-  author's  privilege  to  view  the  partially 
completed  Bonnet  Carre  spillway,  which  connects  the 
Mississippi  river  with  Lake  Fontchartrain.  At  tin- 
present  time  the  spillway  proper  has  been  completed  as 
well  as  the  aritculated  concrete  slabs  and  the  concrete 
protecting  levees  at  each  end  of  the  spilhva\'. 

The  spillway  and  its  accessories  form  a  massive  struc- 
ture stretching  as  far  as  the  eye  can  see.  It  is  an  excellent 
example  of  good  concrete  form  work  and  is  an  excellent 
monument  to  fine  concrete  construction. 

The  building  of  Honnet  Cam''  spillway  invoKed  some 
large  problems.  Besides  having  structural  and  hydraulic 
problems  it  was  a  long  time  before  the  government  began 
to  turn  o\  er  the  property  for  the  site. 

It  is  well  to  turn  back  to  pages  of  history  for  a  few 
years  and  notice  what  conditions  have  existed  along  the 
river  up  to  this  time.  The  Mississippi  carries  water  from 
some  31  states  and  during  some  of  the  worst  floods 
30,000  square  miles  would  be  under  water  if  it  were  not 
for  the  protecting  levees  along  its  course.  The  present 
levees  grew  out  of  an  extension  and  enlargement  of  those 
which  the  valley  people  built  themselves.  These  people 
contributed  over  100  million  dollars.  It  was  not  until 
1879  that  the  Federal  government  organized  the  Missis- 
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■-ippi  River  commission,  composed  of  three  men  from  the 
army,  one  from  the  Coast  and  Geodetic  survey  and  three 
from  private  life.  Its  supervision  is  in  the  hands  of  the 
Secretary  of  War  and  the  Chief  of  Engineers,  whose 
duty  it  is  to  plan  and  execute  the  work. 

Since  1879  millions  of  dollars  ha\e  been  spent  on 
le\ees  of  which  some  15  millions  was  contributed  by  the 
delta  people.  The  local  people  and  the  commission  ha\e 
always  done  the  best  they  could  with  the  money  available 
to  them.  In  1922  an  appropriation  of  sixty  million 
dollars  by  the  Federal  government  was  spent  for  dredg- 
ing and  rc\ctments  for  caving  banks.  The  local  people 
contributed  a  sum  for  levees  equal  to  that  set  aside  for 
Ie\ees  in  the  appropriation. 

I5\'  means  of  such  appropriations  the  levees  have  been 
expanded  until  they  now  are  capable  of  complete  pro- 
tection against  usual  annual  floods.  The  levees  have 
afforded  greater  and  greater  protection  against  larger 
floods,  ha\e  reduced  the  inundated  area  and  losses  in- 
curred by  the  really   great  floods. 

The  appropriations  could  not  possibly  protect  com- 
pletely against  a   flood   greater  than   the  valley  had   ever 


experienced  and  four  feet  higher  than  those  of  1912-13. 
However,  one-third  of  the  land  subject  to  inundation 
was  completely  protected  and  the  water  was  delayed 
long  enough  to  afford  time  for  the  rescue  of  life. 

The  crevasses  occurred  mostly  in  levees  not  built  to 
standard  grade  and  cross-section  and  those  built  by  local 
authorities  along  the  tributaries. 

Many  systems  have  been  offered  as  the  proper  solu- 
tion of  the  problem,     (^f  the  many  solutions  advanced  by 
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various  engineers  the  majority  of  them  have  come  under 
one  or  more  of  the  following  types:  first,  confinement 
aided  by  bank  revetment;  second,  outlets  of  spillways  to 
remove  surplus  waters;  third,  reservoirs  to  withhold  sur- 
plus water ;  fourth,  reforestation ;  and  fifth,  channel  im- 
provement. It  is  of  the  second  of  these  types  that  the 
Bonnet  Carrt'  spillway  is  a  part. 

In  order  to  determine  the  correct  cross-section  of  dam. 
it  was  necessary  to  determine  the  discharge  velocity  in 
order  to  avoid  scouring  action.  A  knowledge  of  founda- 
tion conditions  was  essential.  The.se  facts  were  accom- 
plished by  a  weir-testing  flume,  soil  tests,  borings  and 
survevs. 
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The  purpose  of  the  spillway  is  to   protect  the  le\ees 

at  New  Orleans  from  high  floods  in  excess  of  20   feet, 

which  is  equivalent  to  24  feet  at  the  dam  site,  a  point  28 

miles  \ipstream  from  New  Orleans.     Lake  Fontchartrain 
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Tall  Buildings  of  New  York 
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Ol"  ALL  problc-ins  contionting  tin-  architect  ami 
engineer  toiiay,  probably  tew  are  more  important 
than  those  concerning  tall  buildings.  Few  public 
questions  are  now  being  more  heatedh'  debated.  One 
group  of  critics  is  bitter  and  extravagant  in  its  criticism 
of  the  slcycraper  and  considers  it  the  source  of  most  of 
the  evils  in  our  cit\  life.  This  group  would  limit  build- 
ings to  a  maximum  height  of  eight  or  fen  stories.  On 
the  other  hand  we  find  a  school  which  is  highly  en- 
thusiastic in  the  praises  of  the  economic  value  of  the  sky- 
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scraper  and  which  protests  strenuously  against  any  at- 
tempt to  restrict  or  regulate  its  development.  These  argu- 
ments are  influenced  by  both  social  and  economic  condi- 
tions, traffic  problems,  \entilation,  fire  hazards,  and  so  on. 

From  the  aesthetic  and  design  standpoint,  the  battle 
is  waged  with  cq\ial  fervor.  One  writer  says,  "There  is 
not,  and  until  recently  it  seemed  as  if  there  never  would 
be,  a  distinctly  American  st\le  of  architectural  design. 
There  are  certain  t\pes  of  buildings  that  are  especially 
characteristic  of  certain  localities,  but  no  one  t\pe  that 
can  be  said  to  typify  the  American  st\le  of  design. 

"Or  the.se  various  types  of  buildings  t\  pical  of  various 
localities  of  this  country,  the  skyscraper  stands  alone  as 
being  peculiarl\'  American." 

\  his  is  all  well  and  good  until  another  critic  pounces 
upon  this  statement  and  remarks,'  "The  above  para- 
graphs, quoted  from  a  recent  article  in  one  of  our  jour- 
nals, were  written  in  laudation  of  the  skyscraper  as 
typical  of  what  the  author  calls  the  'American  style.' 
While  I  am  perfectly  willing  to  grant  that  the  skyscraper 
is  an  American  invention  and  that,  under  the  zoning  laws 
of  our  larger  cities,  it  has  taken  on  a  \ery  interesting 
and  indeed  picturesque  silhouette,  I  am  not  willing  to 
admit  that  it  is  typicalh'  American  or  even  'national'  in 
any  greater  sense  than  are  New  York  or  Chicago." 

And  so  on  "ad  infinitum." 

With  no  attempt  to  discuss  the  rights  and  wrongs 
of  the  subject,  let  us  consider  the  subject  from  the  view- 
point of  the  aesthetic  effect  produced  by  the  soaring, 
vertical  lines  and  rectilinear  masses  of  these  stupendous 
structures.  Born  from  the  skeleton  s\stem  of  construc- 
tion, carried  along  by  man's  desire  to  advertise  his  prod- 
ucts and  himself,  and  coerced  by  zoning  laws  into  a  build- 
ing of  a  certain  type,  modern  skyscraper  design  is  fast 
assuming  not  only  a  functional  expression  of  the  ma- 
terials employed,  but  also  an  expression  infused  with  the 
spirit  of  vigorous  masses  and  impressive,  unbroken  vertical 
lines.  The  feeling  and  the  logic  so  long  observed  and 
praised  in  the  masterpieces  of  the  French  (lOthic,  are 
rapidly  coming  to  the  fore  in  the  conception  of  tall 
buildings. 

Perhaps  the  most  emphatic  manner  in  which  to  pre- 
sent this  argument  is  by  a  description  of  some  of  those 
buildings  of  New  York  which  so  recenth'  ha\e  attracted 
the  attention  of  people  everywhere. 

One  of  the  first  buildings  of  the  modern  school  is  the 
American  Radiator  building,  by  Raymond  Hood,  which 
was  completed  in  1924.  Black  and  powerful,  it  rises 
behind  the  Public  Library.  How  great  the  contrast  be- 
tween the  two  ;  the  low,  fiat  library  with  its  Corinthian 
columns,  and  the  upward  lines  of  the  Radiator  building. 
File  librarv  nou'  is  strangely  alien  amidst  the  surround- 
ing sk\scrapers  and  rushing  motor  cars,  and  seems  greatly 
in  need  of  the  trees  of  the  adjoining  Bryant  park.  The 
Radiator  building  needs  no  trees,  it  could  ri.se  out  of  a 
factory  yard  as  well  as  out  of  Fortieth  street,  gathering 
the  .soridness  of  smoke,  tank  and  freight  car,  and  moidd- 
ing  all  into  this  black  beauty.  It  is  a  daring  innovation 
with  black  piers  leaping  upward,  tipped  with  gold,  and 
gleaming  in  the  sun.  At  night,  when  it  is  artificially 
lighted,  the  design  has  a  dream-like  beauty,  with  the  black 
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bulk  disappearing;  and  the  gilded  upper  portions  miracu- 
lously suspended  two  hundred  feet  in  the  air. 

Another  building  in  the  modern  trend,  and  one  which 
has  caused  a  great  deal  of  comment  is  the  News  build- 
ing, by  John  M.  Howells  and  Raymond  Hood.  With 
his  American  Radiator  building.  Hood  became  a  pioneer 
in  startling  polychrome  effects,  and  this  recent  bin'lding 
goes  far  towards  increasing  his  reputation.  Striking  in- 
deed with  its  vertical  pink  and  white  stripes,  it  causes 
one  to  wonder  what  an  effect  it  would  ha\e  if  placed 
side  by  side  with  its  predecessor  in  black  and  gold.  How- 
ever original  the  color  combination  of  the  News  building 
may  be,  it  is  nevertheless  a  wonderful  example  to  illus- 
trate that  a  b\iilding  need  not  rise  to  fame  through  its 
ornament  alone. 

The  first  and  dominant  consideration  in  the  design 
was  utilit\'.  The  zoning  laws  and  oiifice  requirements 
practically  dictated  the  plan,  the  mass,  and  the  fenestra- 
tion. The  office  space  has  a  imiform  depth  of  27  feet 
from  the  exterior  wall  and  is  lighted  by  regidarly  spaced 
windows  four  feet  and  four  inches  wide,  one  window 
every  nine  feet.  At  no  place,  even  at  the  corners  of  the 
building,  was  this  uniform  fenestration  varied,  as  it  was 
desired  to  create  what  had  been  shown  by  experience  to 
be  the  best  and  most  flexible  space  for  high  class  office 
rental. 

So  the  exterior  more  or  less  created  itself.  From  the 
second  story  to  the  top  there  was  no  logical  reason  for 
varying  a  window,  either  in  size  or  location.  At  the  top, 
the  architect  tried  the  simple  expedient  of  stopping  with- 
out searching  for  an  effect.  However,  the  impression 
created  is  one  of  utmost  simplicity  and  utility  which, 
after  all,  should  be  the  effect  desired  from  such  a  com- 
mercial building. 

The  spandrels  of  the  windows  are  of  red  and  black 
brick  and  the  shades  in  the  windows  are  red.  These, 
with  the  vertical  piers  of  white  brick  contribute  to  the 
"bed-ticking"  efiect  (as  Mr.  Murchison  would  have  it). 
The  entrance  doors  are  of  bronze  set  in  a  flat,  green 
granite  background  which  has  a  very  effective  design  in 
incised  relief.  The  relief  is  about  one  and  one-quarter 
inches  deep.  The  bed  is  of  gold,  giving  the  effect  of 
sunlight  shining  through.  The  News  building  is  repre- 
sented, pushing  up  through  the  smoke  with  a  light  upon 
the  top.  Below  are  figures  of  men,  ^vomen,  and  children 
of  all  classes;  laborers,  seamen,  business  men;  with  the 
mscription,  "He  Made  So  Many  of  Them."  At  the 
edges  of  the  granite  plaque  are  colonnettes  of  translucent 
glass  bound  with  bronze  bands. 

The  lobby  is  a  bit  extravagant  but  is,  on  the  whole, 
quite  pleasing.  A  revolving  globe  about  ten  feet  in 
diameter  is  set  in  the  center  of  a  circular  lobby  of  black 
glass  reflecting  a  bizarre  design  in  black  and  silver.  The 
floor  is  marked  to  resemble  a  compass  and  shows  the 
directions  and  distances  to  the  important  cities  of  the 
world.  Popular  scientific  exhibits  line  the  walls,  and  a 
corridor  in  Siena  marble  leads  to  the  elevators  beyond. 

The  Chanin  building  by  Sloan  and  Robertson  is  a 
splendid  contribution  to  twentieth  century  architecture. 
A  great  tower  rises  sheer  above  a  massive  substructure. 
The  ba.se,  itself  an  impressive  building,  is  composed  of 
mounting,  receding  masses — then  the  tower  is  gi\en  sheer 
height,  uninterrupted  until  its  top  is  vigorously  silhou- 
etted against  the  sky.  There  is  interesting  detail  at  the 
street  level  where  it  can  be  seen,  a  bronze  frieze  along 
the  shop  fronts  and,  at  the  second  story,  an  all-over  pat- 
tern of  modeled  terra-cota.  The  Chanin  building  is  de- 
signed in  vigorous  masses,  and  is  detailed  only  where 
detail  will  mean  something.     The  top  of  the  tower  is  well 


conceived,  being  neither  too  blunt  nor  too  much  in   the 
torni  of  a  spire. 

The  lobby  is  magnificently  ornamented  in  marble  and 
bronze  in  most  interesting  and  original  geometric  de- 
signs. The  use  of  colored  marbles  combined  with  brass 
and  bronze  gives  a  warmth  of  color  to  the  interior.  At 
night,  the  upper  stories,  floodlighted,  glow  beautifully — 
an  island  floating  aloft,  distantly  removed  from  the 
clamor  of  the  street. 

The  world's  tallest  completed  structure,  the  Chrysler 
building,  is  a  masterpiece  of  massing,  silhouette,  and  sur- 
face treatment.  The  tower  rises  unbroken,  from  the 
fourth  story  on  the  Lexington  avenue  front  to  the  top 
of  the  semi-circular  dormer-head,  sixty-nine  stories  above 
the  street.  The  tapering  dome  of  arched  dormers  mounts 
upward  to  support  the  lancet-like  finial  of  nickel  chrome 
steel  which  reaches  more  than  1,0^(1  feet  above  the 
ground. 

The  lower  portions  of  the  building  have  the  air  of 
immobility  so  necessary  in  any  supporting  structure.  Here 
the  windows  are  evenly  spaced  and  the  walls  are  faced 
with  light  gray  brick  with  insets  of  white  marble.  The 
general  effect  is  one  of  squareness  for  the  sixteen  stories 
up  to  the  first  setback. 

(Continued  on  Patic  23) 
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The  University's  Greatest  Smoker 
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FOR  the  hirm'r  part  (il  tl\is  last  semester  I  lia\c 
watcheil  with  tile  rest  ot  my  engineer  classmates 
from  the  window  of  211  Engineering  hall,  two 
brick-layers  rise  to  dizzy  heights,  not  to  success,  but  on 
top  of  the  new  chimney  being  constructed  for  the  plant  o1 
the  I'niversity.  Even  the  uninterested  L.  A.  and  S.  stu- 
dent has  noticed  this  massixe  pinnacle,  but  only  the  e\ei 
observant  and  curious  engineer  has  stopped  for  a  moment 
to  wonder  what  it's  all  about.  Thus,  for  the  general  in 
formation  of  those  hard  working  fellows,  ma\  1  submit 
this  article. 

At  the  base  of  this  stack  may  be  found  the  University 
power  plant.  This  plant  supplies  all  of  the  University 
buildings  with  heat  and  electricity  with  the  exception  ot 
the  stadium  and  military  stables.  Incidently,  it  seems  a 
shame  that  in  this  state  institution,  mere  students  should 
be  kept  warm  and  comfortable  while  the  arm\-  mules  are 
left  to  suffer  the  cold  blasts  that  blow  from  the  flat  Illi- 
nois prairies.  To  perform  this  service,  45,000  tons  of 
coal  are  consumed  per  year.  This  is  enough  coal  to  fill 
a  train  of  cars  stretching  from  Champaign  to  St.  Joseph, 
Illinois,  ten  miles  awav. 
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The  electrical  output  is  5,000,000  kilowatt  hours  a 
year.  The  demand  is  6,500,000  kilowatt  hours  a  \car, 
the  difference  being  bought  from  the  Illinois  Power  and 
Light  company.  Electricity,  however,  is  a  by-product, 
as  the  main  purpose  of  the  plant  is  to  heat  the  Vniversit\ 
buildings.  Steam  is  generated  in  the  boilers  at  150  pounds 
pressure.  This  may  be  reduced  to  an  ordinary  radiator 
pressure.  To  accomplish  this,  the  live  steam  is  exhausted 
into  the  generating  turbines  which  use  the  steam  in 
generating  electricity,  and  they  in  turn  exhaust  into  the 
mains.  The  sizes  of  the  mains  vary  from  a  diameter 
of  twenty-four  inches  at  the  plant  to  four  inches  at  the 
out-lying  buildings.  An  eighteen-inch  main  runs  from 
the  plant  straight  south  to  the  Entomology  building  and 
there  sixteen-inch  branches  run  east  to  the  Natural 
History  building  and  west  to  Uni  hall  and  Law  build- 
ing, then  south,  south  down  both  sides  of  the  campus  to 
the  Hospital,  the  Armor\',  and  the  New  gym,  supplying 
a  total  radiation  surface  of  a  1,000, 000  square  feet,  which 
if  spread  out  Hat  would  cover  1  20  of  the  entire  main 
campus. 


This  layout  was  not  ever  thus;  nor  will  it  always 
he  thus.  In  the  good  old  days  when  our  grand-dails  were 
carrying  wood  and  coal  from  the  shed  to  their  rooms  to 
lire  the  gas  burner,  U^ni  hall  had  its  own  heating  plant. 
There  wa--  aU"  nm-  liai  k  ci)  I'liL'iiieering  hall.  Then  came 
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the  approach  to  a  central  plant  in  the  building  which  is 
now  the  E.  E.  High  Tension  lab.  The  present  building 
is  twenty-one  years  old.  Inasmuch  as  it  has  just  come  of 
age,  it  has  started  out  to  expand  and  make  something 
of  itself.  Last  June  construction  was  started  on  a  re- 
modeling program.  A  layout  of  the  present  arrangement 
is  shown  in  Fig.  1.  There  are  now  eight  boilers  in  bat- 
teries of  two  in  operation.  Hoilers  1  and  2  have  been 
raised  six  feet,  allowing  an  increase  of  combustion  space. 


Ail-  preheaters,  forced  draft  stokers,  and  induced  draft 
fans  have  been  installed.  This  new  set-up  is  intended  to 
increase  the  over-all  efficiency.  The  present  boiler, 
furnace,  and  grate  efficiency  is  about  65%.  The  two 
new  stokers  are  shown  in  Fig.  2,  and  construction  on  the 
(Continued  on  Page  23) 
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The  Development  of  the  Scientific  Attitude 


V.  S.  Cooper,  c.i-. 


THL  Age  of  Science  is  less  than  a  generation  old, 
though  men  have  been  questioning  the  world 
around  them  since  the  beginning  of  history.  The 
reason  for  this  long  delay  is  that  the  niar\els  of  applied 
science  which  we  see  about  us  could  not  come  before 
scientists  had  developed  a  successful  way  of  thinking — a 
scientific  attitude,  whose  growth  has  been  painfully  slow. 
It  was  still  in  its  early  stages  with  Aristotle.  He  re- 
ceived, perhaps  from  Socrates,  the  method  of  reasoning 
by  analogy,  and  expanded  it  to  a  process  of  observation, 
generalization,  and  deduction.  This  is  exactly  the  method 
most  used  toda},",  \et  Aristotle  made  many,  many 
blunders  with  it.  Not  the  method, 

but  his  concept  of  the  world  was  

to  blame.  He  believed  that  any 
generalization  is  mereh'  a  con- 
venient way  of  grouping  things 
which  in  themselves  are  wholly 
unrelated.  Now,  accepting  this 
belief,  there  is  no  necessity  for 
testing  conclusions,  since  the 
generalizations  which  led  to 
them  exist  only  in  the  mind.  And 
Aristotle  did  not  test  his  con- 
clusions; consequently  man\'  of 
them  were  wrong. 

We  have  chosen  to  a.ssume 
that  things  themselves  are  closely 
connected,  and  that  a  generaliza- 
tion is  really  a  statement  of  in- 
ter-relations which  do  actually 
exist.  That  is,  we  have  taken 
as  a  fundamental  assumption  the 
idea  of  an  ordered  universe, 
rather  than  a  chaos  of  unrelated 
phenomena.  It  follows  that  we 
must  test  our  conclusions  by  an 
appeal  to  Nature — that  is,  by  ex- 
periment. 

This  assumption,  a  n  d  the 
limitation  which  it  involves,  seem 
>o  obvious  and   reasonable  toda\ 

that  it  is  hard  to  realize  that  they  required  moie  than 
nineteen  himdred  years  for  their  acceptance.  \  et  it  was 
not  until  the  age  of  (jalileo  and  Kepler  that  even 
scientists  resorted  to  experiments  for  proof.  And  even 
then — not  until  Newton — did  they  see  clearh  another 
of  our  basic  assumptions — almost  a  corollary  of  the  first. 
For,  if  nature  is  orderly,  then  it  is  rea.sonable  to  suppose 
that  the  order  will  not  \ar\  from  time  to  time  or  from 
place  to  place  ;  is  an  actual  relation  exists  between  force 
and  acceleration  today,  that  same  relation  shivdd  hold 
tomorrow.  We  could  expect  that  a  specified  set  of  con- 
ditions would  (ilivfiys  give  the  same  result.  In  short. 
Nature  is  consistent;  she  never  plays  pranks.  Notice  that 
this  assumption  is  subject  to  experimental  test.  Thus  far 
there  has  been  no  occasion  to  question  its  truth. 

But  the  truth  of  this  statement  does  not  require  that 
its  converse  be  true,  and  it  is  the  converse  of  the  abo\e 
assumption  which  is  most  used.  This  converse  says  that 
a  given  result  will  always  have  been  caused  by  the  same 
set  of  conditions.     Now  this  is  not  true,  and  vet  it  is  the 
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\ery  basis  of  our  science.  For  example,  fire  causes  heat, 
but  it  is  not  true  that  heat  is  always  caused  by  fire; 
friction,  or  electricity,  or  compression  may  have  been  the 
cause.  Nevertheless,  the  converse  is  used,  for  in  order 
to  interpret  an  experiment  one  casts  about  for  a  cause 
which  will  give  the  observed  result,  and  assigns  that 
cause  to  that  result.  Of  course,  a  carefully  planned 
series  of  experiments  can  differentiate  between  causes 
likely  to  be  confused,  but  there  is  always  the  possibility 
of  an  oversight.  It  may  even  happen  that  two  equally 
lilausible  causes  can  be  imagined,  between  which  it  is  im- 
possible to  distinguish.  Thus  it  is  that  "true"  to  a 
.Scientist  means  onh'  "extremely 
probable.  ' 

There  is  still  another  require- 
ment for  "true"  upon  which  the 
scientist  of  today  insists — or,  at 
least,  he  is  not  contented  with  a 
theor\'  imless  it  fulfills  this  other 
condition.  This  is  that  the  theory 
provide  a  fairly  simple  explana- 
tion for  a  wide  range  of  phe- 
nomena. An  excellent  example 
is  the  atomic  theory.  It  seems 
a  simple,  reasonable  idea  and  can 
be  made  to  fit  anything  from 
chemical  compositions  to  the  be- 
havior of  a  gas.  The  scientist 
wishes  to  reduce  the  entire  uni- 
verse to  one  formula,  or  as  near 
that  ideal  as  possible,  and  so  he 
assumes  that  nature  is  actualh' 
>o  constructed.  He  assumes  that 
the  universe  is  simple.  This 
implies,  first  of  all,  that  there 
really  exists  some  fundamental 
relation  connecting  all  phe- 
nomena— a  condition  that  fol- 
lows from  the  assumed  order- 
liness of  nature.  For  if  nature 
is  orderh'  to  the  nth  degree,  then 
some  relation  should  exist  not 
onl\  between  closely  similar  phenomena,  but  between  all 
phenomena,  no  matter  how  dissimilar  they  may  at  first 
appear.  Now  such  a  relation  might  exist  and  yet  be  so 
complex  that  human  ingenuity  could  never  discover  its 
form.  But  your  scientist  assumes — as  of  necessity  he 
must — that  this  is  not  the  ca.se ;  he  believes  that  the  actual 
relation  is  simple,  or  reasonably  so.  Perhaps  he  is  right, 
and  will  some  day  find  the  end  of  this  (jordian  knot.  But 
if  it  is  not  simple,  he  can  only  hope  to  invent  mechanisms 
which  he  knows  are  wrong,  but  which  behave  more  and 
more  nearly  like  the  "imdiscoveretl  reality."  This  seems 
to  be  the  present  trend. 

Nevertheless,  he  truthfulh'  assumes  that  nature  is 
simple.  The  latest — and  perhaps  most  powerful — of  his 
methods  of  attack  rely  absolutely  upon  this  simplicity. 
The  method  is  the  one  used  by  Einstein  in  developing  his 
Theory  of  Relativity.  He  began  by  assuming  three  of 
IConlinurJ   nit    Paije  2S) 

"This  essay  won  the  distinction  of  highest  rating  among  the  Tau  Beta 
Pi  initiation  essays  last  fall.  It  is  an  unusual  piece  of  undergradualc 
work. 
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Cable  Research  at  the  University 

M.   HlRGOov.  c.c.  \M  mill  R.   I,.  I)(i\\i:m,,  c.c.  'M 


The  Iransmission  of  elvctrk  poimr  has  hriomr  siuh  a  tjrfal 
problem  that  several  research  eoinmissions  have  been  orijanized 
to  investiiiale  the  construction  of  cables.  The  National  Research 
council  has  been  formed  and  is  composed  of  the  leadinij 
physicists  and  engineers  in  the  country.  It  is  sponsored  by  several 
larije  utility  companies  in  the  east.  This  council  is  promotinff 
research  at  Johns  Hopkins,  Cornell,  Dartmouth,  Massachusetts 
Institute,  Vniversity  of  Michir/an,  Harvard,  and  the  I'niversity 
of  Chicac/o. 

.Inolhir  commission  in  the  middle  ivest,  sponsored  by  the 
Insiill  utilities,  is  investiyating  cable  construction  and  plienomena 
also.  Professors  Paine,  Tykociner,  and  liroiun,  of  the  University 
of  Illinois,  are  'working  in  conjunction  with  this  commission. — 
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margins  and  yet  have  tailt-il  in  tlu'  lirst  tew  weeks  ot 
service.  The  cause  of  failure,  it  seems,  is  due  to  small 
gas  pockets  or  voids  forming  between  the  layers  of  paper. 
Under  high  potential  the  gas  is  ionized  and  causes  the 
insulating  di-electric  to  break  down. 

The  work  here  first  began  on  the  phenomena  of 
ionization  which  occurs  in  the  boundary  between  two  di- 
electrics rather  than  on  the  actual  break-down  phenomena 
taking  place  throughout  the  di-electric.  This  study 
brought  forth  several  auxiliary  problems  which  sprung 
from  the  necessity  of  finding  the  answer  to  an  important 


INCREASKI)  demand  for  electric  power  in  large  in- 
dustries, and  especially  in  business  districts  of  large 
cities,  has  presented  the  problem  of  constructing 
large  capacity  and  more  reliable  cables.  If  this  power 
should  suddenly  be  interrupted  the  results  might  be  dis- 
astrous. Perhaps  a  crucible  of  steel  might  be  frozen, 
elevator  service  in  a  large  building  stopped,  or  a  surgeon 
might  be  halted  in  the  performance  of  an  operation. 
Therefore  it  is  essential  that  the  power  supply  be  de- 
pendable. 

This  increased  demand  for  power  requires  higher 
voltage  cables  that  must  be  more  reliable  and  should  be 
as  small  in  diameter  as  possible,  since  the  space  provided 
for  them  beneath  the  surface  of  the  streets  is  usually 
limited. 


Ticui  of  the  apparatus  used  by  Professors  Paine,  Brown,  and 
Tykociner.  In  the  backijround  is  the  transformer  supplyini/  the 
voltaije  to  the  cable  and  to  the  rii/ht  are  livo  hicjli  potential  con- 
densers. Note  that  the  cable  is  insulated  from  the  floor  to  pre- 
vent (/roundinff  the  sheath.  The  lari/e  funnels  on  the  ends  of  llic 
sheath  are  filled  with  oil  to  prevent  flashing  over.  The  bridges 
used  to  detect,  measure,  and  locale  ionization  are  in  the  elec- 
trically  shielded   cage   in   the   foreground. 

The  cable  consists  essentially  of  a  conductor  in  the 
center  carrying  the  current  and  wrapped  in  a  paper  that 
has  been  impregnated  in  insulating  oil.  This  is  inclosed 
in  an  outer  lead  sheath.  Considerable  research  work  has 
been  performed  in  determining  the  best  oil  paper,  and 
type  of  cable  to  be  used  in  carrying  high  voltages.  These 
cables,  when  tested  in  the  factory,  have  passed  all  ac- 
ceptance    tests     of     purchase     specifications     with    good 


Cross  section   of  single-phase  cable,  showing  voids  formed 
between   layers  of  paf>rr  insulation 

question.  The  questions  as  stated  in  the  Vtilitics  Re- 
se/irch  by  Professors  Paine,  Brown,  and  Tykociner  are  as 
follows : 

1.  What  are  the  conditions  for  the  different  types 
of  ionization  and  what  is  the  influence  of  ioruzation  upon 
the  charging  current? 

2.  What  is  the  effect  of  ionization  upon  the  proper- 
ties of  the  di-electric  and  especially  upon  the  paper  and 
upon  other  constitutent  parts  of  the  cable? 

.V  Can  ionization  be  detected  and  measured  by  the 
mechanical  vibrations  it  produces  in  the  cable? 

4.  Can  ionization  be  detected  by  a  possible  change 
of  conductivity  of  the  cable  di-electric? 

5.  Can  ionization  be  detected  by  the  electric  im- 
pulses  (surges)  it  may  produce  in  the  cable? 

6.  Can  the  position  of  the  source  of  ionization  be 
located  along  the  cable? 

7.  What  is  the  relation  between  the  amount  of 
ionization,  the  power  factor,  and  the  quality  of  a  cable? 

In  studying  the  conditions  for  different  types  of 
ionization  it  was  found  that  ionization  occurs  only  when 
there  are  voids  formed  in  the  cable.  These  voids  are 
formed  due  to  repeated  heating  and  cooling  of  the  cable 
caused  by  variation  in  the  demand  for  power.  The  gas 
ionizes  because  of  the  high  potential  across  the  voids.  This 
causes  a  further  ionization  of  the  insulation  at  the  \oids. 
A  surge  or  impulse  of  current  is  produced  by  this  phe- 
( Continued   on   Page  2SJ 
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Chemical  Engineering  Research 
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CHKMICAL  engineering,  broadly  speaking,  covers 
the  application  of  science  to  industry.  The  sciences 
most  used  are  chemistry,  physics,  and  mathematics. 
It  is  often  necessary,  howexer,  to  make  use  of  other 
sciences,  for  example,  geology  and  bacteriology.  With 
this  in  mind  it  can  be  easily  realized  that  the  modern 
chemical  engineer  does  research  in  a  great  many  different 
fields  and  he  is  necessarily  one  of  the  most  versatile  en- 
gineers in  existence.  Again  it  can  be  readily  appreciated 
tliat  the  subjects  under  investigation  in  the  chemical  en- 
gineering research  organization  may  be  extremely  varied. 

This  is  true  at  the  University  of  Illinois  where  Pro- 
fessor S.  M.  Parr  started  an  investigation  many  years 
ago  on  the  embrittlement  of  boiler  plate  which  has  now 
been  completed.  F.  Ci.  Straub  who  has  carried  out  the 
research  work  found  that  boiler  explosions  have  often 
times  been  due  to  intercrystalline  cracking  of  boiler  plate, 
especially  near  the  seams.  The  conditions  which  cause 
this  embrittlement  are  high  strain  and  caustic  concentra- 
tion within  the  seam.  In  order  to  remedy  this  condition 
it  is  necessary  to  add  a  reagent  which  tends  to  concentrate 
within  the  seam,  thus  preventing  the  concentration  of  the 
caustic  and  is,  in  itself,  unreactive. 

We  have  now  taken  up  a  new  problem  on  a  study  of 
the  action  of  water  within  the  new  boilers  which  operate 
at  a  pressure  of  2,()()0  pounds  per  square  inch  or  more. 
Straub  has  found  b\-  phase  rule  studies  in  a  laboratory 
specialh'  designed  for  this  purpose  that  scaling  and  the 
physical  ciiemical  phenomena  that  are  connected  with 
scaling  are  quite  different  under  these  new  conditions 
of  pressure  and  temperature.  It  is  necessary  for  us  to 
collect  these  fundamental  data  in  order  to  prevent  serious 
trouble  occurring  in  the  first  few  years  of  operation  of 
these  new  high  pressure  boilers. 

-Another  problem  is  a  flue  gas  stud\'.  Illinois  coal 
contains  a  considerable  amount  of  sidfur  which  is  changed 
to  sulfur  dioxide  and  other  sulfur  oxygen  compounds 
when  the  coal  is  burned  in  an  ordinary  power  plant. 
These  sulfur  compounds  have  a  disastrous  effect  on 
economizers  and  preheater  tubes.  Dr.  H.  F.  Johnstone 
has  maile  a  thorough  study  of  this  situation  and  has  found 
certain  economically  feasible  alloys  from  which  these 
tubes  can  be  made  and  which  will  withstand  this  par- 
ticular form  of  corrosion.  He  is  now  investigating  a 
physical  chemical  method  of  removing  the  sulfur  com- 
pounds from  the  flue  gases  in  order  to  produce  a  still 
better  remedy  for  the  situation.  Experimental  equipment 
has  been  installed  in  the  L  ni\ersity  power  plant. 

Dr.  R.  I).  Snow,  in  the  meantime,  is  making  a  studx 
of  the  character  of  sulfur  in  the  coal  in  order  to  find  out 
.some  possible  method  or  combination  of  methods  for  the 
economic  removal  of  the  sulfur  before  the  coal  is  burned. 
This  would  be  a  most  satisfactory  solution  to  the  entire 
problem. 

Dr.  A.  C  Robertson  is  working  on  another  corrosion 
problem  involving  flue  ga.ses  from  gas  fired  boilers  and 
their  effect  on  chimneys  and  flues.  At  present  he  is 
making  a  field  survey  in  the  Chicago  district. 

It  is  a  far  cry  from  coal  to  ice.  In  1929  fift\-one 
million  tons  of  ice  were  manufact\ired  in  this  country 
and  approximately  one-third  of  this  was  made  from  dis- 


tilled water.  The  distillation  of  water  is  expensive.  In 
many  plants  natural  water  was  not  used  because  it  was 
impossible  to  treat  the  water  in  any  manner  known  at 
that  time  and  obtain  a  clear  and  satisfactory  cake  of  ice. 
Dr.  Dana  Hurks,  Jr.  has  been  working  on  this  problem 
and  he  has  developed  a  method  by  which  it  is  quite 
possible  that  all  those  plants  which  arc  now  distilling 
water  because  of  its  character  can  avoid  distillation  and 
still  produce  satisfactory  ice.  The  cost  of  this  method 
is  considerably  below  corresponding  cost  for  distillation. 

He  is  now  working  on  a  method  for  the  water  treat- 
ment which  will  permit  a  marked  increase  in  production 
for  many  ice  plants  with  only  an  increase  in  the  cost  of 
power.  This  work  is  being  carried  out  in  an  experimental 
ice  plant,  the  first  of  its  kind  in  this  country. 

Besides  the  above  problem,  we  have  others,  for  ex- 
ample, the  partial  oxidation  of  simple  organic  compounds 
using  air  as  the  oxidizing  agent  and  a  catalyst  in  order  to 
produce  a  product  which  will  be  more  valuable  than  the 
original  raw  material.  This  is  a  matter  of  temperature 
control,  a  study  largely  of  catalysis  and  heat  transfer. 
Dr.    P.    E.    Peters    is   handling   this    in\estigation    at    the 
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|iresent  time.  Dr.  Slierlock  Swann,  Jr.  is  in  charge  of 
electro-organic  researches  which  involve  the  synthesis  of 
organic  compounds  b\   electro-chemical  means. 

We  have  in  the  industrial  chemistry  division  of  the 
chemistry  ilepartment  investigations  covering  gas  reac- 
tions at  high  pressure  and  high  temperature  under  the 
direction  of  Dr.  N.  W.  Krase.  His  work  includes  physical 
measurements  on  gases  at  high  pressure  and  high  tempera- 
ture. 

In  the  imlustrial  chemistry  division  we  also  ha\e 
equilibrium  measurements  of  interesting  organic  chemical 
reactions,  and  sexeral  other  minor  problems. 

To  summarize,  the  chemical  engineering  investiga- 
tions at  the  University  of  Illinois  cover  widely  different 
fields  but  all  the  work  involves  the  application  of  the 
fundamental  principles  of  chemistry,  physics,  and  mathe- 
matics and  does  not  confine  itself  to  any  particulai- 
science  or  any  p.articular  poi'tion  of  a  science. 
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Skyscraper  Puzzles 

The  recent  issue  of  the  Encjineerincj  Xius-Rio? ti 
discii.ssing  problems  of  the  modern  tall  building  has 
brought  forcibly  to  mind  the  axiom  that  practice  is  al- 
ways several  years  in  advance  of  theory.  And  a  little 
reflection  brings  the  realization  that  the  theory  lag  is 
perhaps  greater  in  skyscraper  design  than  in  ain  other 
engineering  field. 

Wind  stresses  and  stiffness  were  the  main  features 
considered  by  the  Neiis-Rccrjrd.  Paul  Evans  in  this  issue 
of  theTeeliiioffraph  brings  out  some  of  the  architectural 
problems.  Three  other  questions  occur  to  us  as  being 
worthy  of  serious  consideration. 

First:  Are  the  combined  effects  of  wind-stress  and 
temperature  being  properly  considered  ?  There  is  a  case 
on  record  in  which  apparatus  was  installed  in  a  certain 
high  building  to  measure  the  deflection  due  to  wind. 
Came  a  norther,  and  the  investigators  discovered  that 
the  temperature  effect  was  greater  than  the  pressure  effect 
and  the  building  deflected  into  the  wind,  due  to  the 
shortening  of  the  north  side  of  the  frame  with  the  cold. 
Here  the  forces  were  in  opposition  ;  what  would  be  the 
nia.ximum  effect  of  a  strong  south  wind,  which  would 
cause  a  lengthening  of  the  south  side  of  the  frame  with 
consequent  deflection  to  the  north,  and  an  additional 
pressure  deflection  in  the  same  direction? 

Second:  What  are  the  proper  assumptions  in  anti- 
earthquake  design?  There  is  at  present  great  disagree- 
ment among  authorities.  With  our  limited  knowledge 
of  geology,  it  would  seem  that  a  lateral  acceleration  of 
about  seven-tenths  gravity  might  be  attained,  and  it  also 
occurs  to  us  that  a  considerable  vertical  acceleration — or 
more  important  still,  deceleration — should  be  taken  into 
account.  If  the  earthquake  were  of  such  a  natme  that  a 
downward  motion  took  place,  might  not  the  cessation  ot 
this  motion  increase  the  column  stresses  and  bearing 
stresses  beyond  a  point  of  safety,  even  with  the  customary 
allowance  for  horizontal  acceleration? 

Third:  What  will  be  the  ultimate  effect  of  concen- 
tration of  enormous  weights  over  a  small  area  of  the 
earth's  surface?  Again  we  must  enlist  the  aid  of  the 
geologist.  Is  there  any  danger  of  our  developing  fault 
planes  hundreds  of  feet  below  the  surface?  To  be  specific, 
if  we  continue  piling  weight  onto  Manhattan  island, 
is  there  a  chance  of  causing  the  whole  thing  to  slide  or 
tip?     Do  not  such  e.\tensive  developments  as  New  York 


city  warrant  the  determination  of  geologic  formations  at 
depths  of  a  thousand  feet  or  more? 

The    Tcchnogrnph   would    be   pleased   to   publish   dis- 
cussions of  these  and  similar  problems. 


Expert  Testimony 

Their  bickerings  and  point-blank  contradictions  have 
done  little  to  raise  the  professional  reputations  of  the 
doctors  testifying  in  the  Draves  murder  case.  If  the 
physiological  evidence  is  so  certain  that  one  doctor  can 
say  positively  "This  must  be  so."  then  it  must  perforce 
be  at  least  so  certain  that  no  other  reputable  doctor  could 
testify  equally  positively  "This  is  not  so."  And  regard- 
less of  which  is  right,  the  public  on  reading  newspaper 
reports  is  quite  likely  to  discount  the  acumen  of  both  wit- 
nesses. 

What  is  true  of  medical  men  applies  to  engineers  as 
well.  In  man>'  instances,  the  facts  of  the  case  are  such 
that  neither  side  should  state  positively  that  a  certain 
thing  is  or  is  not  so,  and  yet  a  clever  attorney  may  so 
frame  the  questioning  that  an  expert,  on  the  stand,  is  led 
to  make  statements  more  forceful,  perhaps,  than  he  at  the 
time  realizes.  And  dull  counsel  on  the  opposition  may  be 
unable  to  correct  the  false  impression.  Results:  a  mis- 
carriage of  justice,  and  impugning  of  the  motives  of  honest 
men,  perhaps  even  accusations  of  perjury. 

It  would  seem  that  our  court  system  is  at  fault  here 
in  allowing  expert  testimony  to  be  employed  by  either 
side.  A  more  satisfactory  result  would  obtain  from  an 
expert  committee  appointed  b\'  the  judge  with  the  ap- 
proval of  both  parties,  which  would  after  investigation 
render  a  single  report  to  present  to  the  jury. 

Hut  it  is  hard  to  imagine  that  such  a  scheme  could 
ever  attain  a  wide-spread  sanction  while  we  continue  to 
harbor  the  superstition  that  four  butchers,  four  bakers, 
and  four  candle-stick  makers  are  competent  to  disentangle 
the  threads  of  evidence,  distinguish  truth  from  error,  and 
decide  the  guilt  or  innocence  of  the  defendant.  It  be- 
hooves the  engineer  who  would  be  careful  of  his  reputa- 
tion, then,  to  think  twice  before  testifying  as  an  "expert," 
and,  in  testifying,  to  weigh  his  words  .so  carefully  that 
he  will  not  involuntarily  deceive  by  them.  The  good- 
will of  lu's  client  may  well  be  sacrificed  for  professional 
honestv. 
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They  Call  Themselves  Engineers 

There  is  now  in  considerable  evidence  a  tendency  for 
irarioiis  enterprising  people  to  append  the  word  "en- 
gineer" after  the  adjective  descriptive  of  their  callings. 
^o  that  such  combinations  as  advertising  engineer,  sales 
engineer,  and  business  engineer,  have  been  built  up  and 
thrust  upon  the  public  to  accept. 

This  is  an  ambiguity.  In  its  ultimate  detinition.  an 
engineer  ma>'  be  said  to  be  a  person  skilled  in  the  science 
of  utilizing  the  mechanical  properties  of  matter  in  struc- 
tures and  machines.  How  these  cncroachers  can  dare  to 
use  a  term  that  they  have  no  license  to  employ  is  sufficient 
to  cause  surprise.  The  bona  fide  engineer  looks  upon 
these  \isurpers  with  as  much  resentment  as  he  looks  upon 
someone  who  uses  his  name  without  authorits.  What 
do  these  advertising  engineers,  for  instance,  know  about 
mechanics,  physics,  calculus,  and  the  host  of  allied  sub- 
jects that  all  form  integral  parts  of  the  true  engineer's 
basic  working  knowledge  ? 

The  noun  "engineer,"  that  most  techru'cal  men  work 
so  hard  to  acquire,  the\  are  presumptuously  borrowing 
because  of  the  concept  of  efficiency,  thoroughness,  and 
reliability  that  the  public  attaches  to  it.  They  are  trying 
to  bend  to  their  purpo.ses  the  confidence  in  the  name  that 
was  placed  there  because  of  qualities  and  knowledge  with 
which  they  have  no  connection. 

They  seem  to  be  so  resourceful  ;  why  can't  they  coin 
a  ni^w  name  for  themselves  and  have  the  true  engineers 
for   the   (ink    engineers? 

— Walter  A.  Carlson. 


important  part  as  in  in  the  usual  type  of  graduate  scholar- 
ship or  research  fellowship. 

There  are  many  of  these  awards  in  various  lines. 
Why  not  investigate  and  inquire  about  the  opportunities 
in  your  field,  and,  if  there  are  chances  like  the  ones  men- 
tioned above,  why  not  try  for  them?  — D.  V.  M. 


Attend  Lectures 

Hy  this  title  we  do  not  mean  those  lectures  we  all  at- 
tend for  so  many  hours  credit,  nor  do  we  mean  tho.se 
which  deal  with  our  certain  line.  Of  course,  every  alert 
engineer  attends  lectures  sponsored  by  the  A.  S.  C.  E. 
and  like  bodies. 

The  lectures  we  refer  to  are  tho.se  outside  the  en- 
gineering lines,  such  as  those  sponsored  by  the  English, 
psychology,  or  natural  science  department. 

We  engineers  are  apt  to  become  impervious  to  other 
fields  and  fail  to  realize  the  good  that  lies  within  them. 
Our  work  is  methodical  and  routine:  we  should  move 
outside  our  group  once  in  a  while  and  breathe  some  dif- 
ferent air. 

By  attending  lectures  of  different  schools,  say  one 
hour  every  two  weeks,  the  night  .so  many  of  us  waste  in 
a  show  or  talk-fest,  we  can  broaden  our  point  of  view, 
forget  the  practical  for  a  moment,  and  see  what  the  other 
half  across  (ireen  street  does.  — I^.  F.  M. 


Scholarships  for  Engineers 

Ha\e  \ou  e\ei-  stopped  to  realize  the  opportunities 
which  lie  open  in  the  line  of  scholarships  and  research 
fellowships?  Ever\  \ear  there  are  offered  many  of  these 
aids  to  students  who  desire  further  work  in  their  re- 
spective lines. 

As  an  example,  right  now  on  the  bulletin  board 
across  from  the  'r(<  hnutptiph  office,  there  are  posted 
notices  of  the  scholarships  gi\en  by  eight  different 
schools. 

Differing  from  the  usual  research  fellowships  and 
scholarships,  there  are  the  type  of  scholarships  like  those 
offered  by  W.  E.  Hoeing,  which  deal  with  work  in  some 
specific  line,  as  in  this  case,  aviation. 

The  awarding  of  these  scholarships  is  based  primaril\ 
on  an  essay,  followed  b\'  mental  and  physical  examina- 
tions.    Here  scholastic  standing  does  not  play  such  a  ver\' 


The  Cover  Design — Rheims  Cathedral 

By  far  the  finest  expression  of  Gothic  art  is  to  be 
found  in  France.  To  understand  this  the  reader  must 
first  know  what  is  really  implied  in  the  term  Cjothic 
art.  To  those  who  have  merely  a  superficial  gleaning  of 
information  it  will  mean  crocheted  spires,  pointed  arches, 
and  large  pointed-arched  windows  of  beautifully  colored 
stained  glass.  The  real  spirit  and  expression  of  Gothic 
architecture  passed  as  all  real,  true,  styles  of  architecture 
must,  through  a  decided  transitional  period,  the  progress 
of  which  was  determined  by  the  success  or  failure  of 
a  decidedly  empirical  process.  The  possibility  and  ad- 
vantages of  a  pointed-arch  system  of  construction  were 
grasped  at  first  rather  slowly  by  the  medieval  builders, 
but  once  the  structural  weaknesses  were  corrected  the 
churches  became  additionally  beautiful  through  the  ad- 
mirable discrimination  exercised  in  the  application  of 
decorative  motives. 

In  the  early  Gothic  structures,  of  which  the  ecclesias- 
tical architecture  is  the  most  important,  the  basic  law  of 
good  architecture — that  form  follows  function — is  clear- 
ly expressed.  The  exposed  flying  buttresses  indicate,  even 
to  the  casual  observer,  their  only  pvupose — that  of  meet- 
ing thrust  of  coimter-thrust  to  maintain  the  equilibrium 
of  the  dynamic  system  of  construction  in  which  they  play 
an  important  part.  M.  Viollet-le-Duc,  in  his  "Dictionaire 
Raisonne  de  1'  Architecture  Francaise"  gives  a  clear  and 
unmistakable  definition  of  the  Gothic  art  which  is  nothing 
if  not  structurally  Gothic.  He  has  shown  that  this  archi- 
tecture consists  primarily  of  a  peculiar  structural  system 
— a  system  which  was  a  gradual  evolution  out  of  the 
arched  Roman  through  the  Romanesque — and  that  its  dis- 
tinctive characteristice  is  that  the  whole  scheme  of  the 
building  is  determined  by,  and  its  whole  strength  is  made 
to  reside  in,  a  finely  organized  and  frankly  confessed 
framework  rather  than  in  walls.  This  framework,  made 
up  of  piers,  arches,  and  buttresses,  is  freed  from  every 
unnecessary  encumbrance  of  wall,  and  is  rendered  as 
light  in  all  its  parts  as  is  campatible  with  strength — the 
stability  of  the  fabric  depending  not  upon  inert  massive- 
ness  (except  in  the  outermost  abutments)  but  upon  a 
logical  adjustment  of  active  parts  whose  opposing  faces 
neutralize  each  other  and  produce  a  perfect  equilibrium. 
It  is  a  system  of  balanced  thrusts  in  contra-distinction  to 
the  ancient  system  of  inert  stability.  Howe\er,  (iothic 
character  attained  through  the  application  of  (jothic 
motives  and  ornament  without  the  true  logic  of  Gothic 
expression  has  ceased  to  be  (jothic  art.  As  practiced  on 
modern  steel  framed  skyscrapers,  field  houses,  and  arm- 
ories, it  borders  on  the  atrocious. 

The  Cathedral  at  Rheims  is  an  excellent  example  of 
the  Ciothic  system.  Built  during  the  thirteenth  century, 
it  is  more  ornate  than  the  earlier  examples,  though  the 
importance  of  structural  function  is  quite  adequately 
expressed.  With  respect  to  a  rational  balance  of  design 
of  structure,  and  application  of  ornament,  it  has  never 
been  excelled  ;  the  earlier  work  still  striving  for  the  per- 
fection of  a  dynamic  s\stcm  of  stone  construction  neg- 
lected ornament;  while  the  decadent  (Gothic  over-em- 
phasizetl  ornament  to  the  extent  that  false  structural  ex- 
l)ression  often  resulted.      — Walter  V.  Wuellxer. 
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NOTES 


T.  and  A.  M.  Department 

ProfcsMirs  iMigcr  ;iiul  I'utiiain  attrricled 
a  mcctiiiK  nf  the  Illinois  Society  of  Eii- 
jiinccrs   held   at   Rockfoiil,    Illinois. 

A  seoorul  progress  report  of  the  "In- 
vesti^atioTi  nf  Reinforced  Concrete 
Columns"  has  been  completed  liv  Pro- 
fessor F.  E.  Richart  and  Ci.  C.  Staehle. 
Hoth  the  first  and  second  progress  reports 
was  presented  liv  the  authors  during  the 
convention  of  the  American  Concrete  In- 
stitute held  in  Milwaukee,  Wisconsin, 
rVliruary  24,  25   and  26. 

It  has  been  found,  in  the  five  months  of 
observation  of  reinforced  concrete  columns 
under  sustained  loading,  that  there  has 
been  a  decided  yielding  or  flow  of  the 
concrete  will  be  of  such  a  magnitude  as 
to  seriously  over-stress  the  steel  cannot  be 
determined  until  the  columns  have  been 
under  observation  for  a  longer  period  of 
time. 

Professor  Richart  and  \'.  P.  Jensen  also 
presented  a  paper  at  the  convention  of 
the  .'\merican  Concrete  Institute.  The 
title  of  the  paper  was  "Concrete  made 
with  Light  Aggregate."  The  report  deals 
specifically  with  Haydite  aggregate  con- 
crete, llaydite  is  a  light  burned  shale 
aggregate.  The  properties  of  Haydite  ag- 
gregate concrete  are  much  the  same  as 
gravel  concrete  with  the  exception  of  a 
lower  weight  per  cubic  foot  and  a  modulus 
of  elasticity  about  one-half  to  two-thirds 
that  of  gravel  concrete.  The  ultimate 
strengths  of  gravel  and  Ha>dite  concretes 
are   about  the  same. 

Professors  Moore  and  Richarts  will 
have  papers  in  the  volume  of  articles  of 
the  New  International  Association  for 
Testing  Materials.  Professor  Moore's 
article  will  be  'Calibration  of  a  Testing 
Machine."  Professor  Richarts'  article  will 
be  "Stresses  and  Strains  in  Reinforced 
Concrete  Columns."  These  articles  are 
published  in  French,  (Jerman  and  Eng- 
lish. 

The  first  meeting  of  the  organization 
will  be  held  in  Jurich,  Switzerland,  this 
coming  September.  The  purpose  of  the 
New  International  Association  for  Testing 
Materials  is  to  be  more  or  less  of  a  melt- 
ing pot  for  the  engineering  ideas  and  ex- 
periences, along  testing  lines,  of  all  the 
countries  in  the  \vorld. 

R.  B.  H.  Moorman  who  received  his 
master's  degree  in  February  and  com- 
pleted his  work  as  a  special  research 
graduate  assistant  in  civil  engineering  has 
been  employed  as  a  special  research  as- 
sistant in  applied  mechanics  to  work  with 
Professor  Richart  in  the  "Investigation  of 
the  Stability  of  Concrete  Masonry  Walls." 
This  work  is  to  be  carried  on  by  the  En- 
gineering Experiment  station  of  the  Uni- 
versity of  Illinois  in  co-operation  with  the 
Portland  Cement  association  of  Chicago, 
Illinois,  and  the  Concrete  Masonry  as- 
sociation  of    Milwaukee,    Wisconsin. 

It  is  planned  to  test  nearly  a  hundreil 
wall  panels  made  of  concrete  blocks. 
These    panels    will    be    approximately    si.x 


kel  \side  and  nine  teet  high  ajid  will 
weigh  about  one  and  one-half  tons.  It  is 
only  through  the  new  3,000,000  pound  test- 
ing machine  that  the  I'niversitv  is  able  to 
test    wall    panels  of  this   size. 

The  blocks  used  will  be  made  of  vaii- 
luis  aggregates  such  as  cinders,  Haydite, 
sand,  gravel,  limestone  and  slag.  Various 
types  of  mortars,  different  types  of  blocks 
and  various  wall  thicknesses  will  be  used. 

This  investigation  will  be  very  similar 
to  the  one  made  by  the  Bureau  of 
Standards  at  \^'ashington,  P.  C.,  with 
walls  of  clav  tile  and   brick. 


Sigma  Phi  Delta 

.'\t  a  recent  meeting  the  annual  election 
of  officers  took  place.  Results  as  follows: 
president.  Lib  Panichi,  ry.  e.  e.  '32;  vice- 
president,  Allan  Hottes,  m.  e.  '32;  treas- 
urer, Paul  Bickenbach,  m.  e.  '32;  secre- 
tary,  Frank   Hood,  c.  e.  '33. 

A  symposium  meeting  was  held  at  the 
chapter  house  on  Sunday,  March  8,  1931. 
The  principal  speaker  was  Prof.  H.  E. 
Babbitt  of  the  department  of  civil  en- 
gineering. His  talk  was  on  "World  En- 
gineering." Invitations  were  sent  to  those 
freshmen  in  the  College  of  Engineering 
who  made  a  four  point  average  or  better 
during  the  first  semester.  Last  semester 
a  smoker  was  held  for  these  men  at  which 
the  presidents  of  all  the  honorary  organi- 
zations in  the  College  of  Engineering  ex- 
plained the  requirements  for  entrance  in 
their  respective  societies.  During  the  past 
two  years  t^vo  such  smokers  have  been 
held  and  found  so  successful  that  it  has 
been  decided  to  make  them  an  annual 
function  of  the  chapter.  One  will  be  held 
during  the  first  semester  of  each  year  im- 
mediately after  the  six  weeks'  grades  are 
reported  to  the  Dean's  office. 

We  wish  to  thank  the  presidents  of  the 
organizations  who  so  fully  co-operated 
with  us  and  we  hope  that  the  future 
presidents   will   do   likewise. 

Formal  initiation  was  held  at  the 
chapter  house  on  Saturday,  February  28, 
1931.  Four  men  were  initiated;  the\ 
are,  Ray  Dunn,  m.  e.  '33;  Sam  Mitchell, 
eng.  phy.  '31;  "Bud"  Peters,  arch.  '34; 
and  "Spec"  Wood,  c.  e.  '33.  Pledges  for 
the  second  semester  of  the  current  year 
are:  Ed  Hagglund,  c.  e.  '34;  "Jim"  Heuer, 
c.  e.  '33;  "Hank"  Lessler,  c.  e.  '34;  Yale 
Naset,  a.  e.  '34;  and  "Hank"  Warren, 
ry.   e.   e.   '3  3. 

On  Saturdav,  .'Vpril  25,  1931,  the  annual 
spring  dance  will  take  place.  Music  will 
be  furnished  by  Jack  0'(?rady  and  his 
orchestra,    from   'Ferre    Haute,    Indian:). 


.le- 
ited 


Electrical  Engineering 

F.    Ellis    Johnson,    head    of    the   c.   e. 
partment  of  Iowa  State  Iniver- 
here    February    16. 

Prof.  H.  A.  Brown  has  been  spending 
considerable  time  in  Chicago  in  regard  to 
co-operative  work  and  investigations  nl 
methods  of  testing  high   voltage   cables. 


Architecture 

The  preliminar>  exercises  nf  the  I'rancis 
J.  Plyni  I'ellowship  in  architecture  have 
been  held,  and  the  four  men  who  sub- 
mitted the  !>est  designs  ha\'e  been  chosen, 
;ind  will  compare  in  the  final  exercises  in 
the  near  future.  'Fhc  following  were  the 
four  men  that  were  chosen  from  twent>'- 
scven  who  submitted  designs:  J.  F.  Mal- 
loy,  F.  J.  Hessal,  Robert  S.  MaVberg,  and 
Harry  J.  Harman.  I'he  aboved  mentioned 
will  submit  designs,  the  winner  of  which 
will  be  rewarded  with  a  one  year's  trip 
to  F!;urope,  where  he  will  study  architec- 
ture. He  will  spend  eleven  months  in 
Europe,  eight  of  which  must  be  spent  in 
some  recognized  school  of  architecture, 
while  the  other  month  will  be  spent  on 
the  campus  of  the  t'niversity  of  Illinois 
preparing  his  thesis,  which  will  consist  of 
a   resume  of   his   studies   abroad. 

The  designs  submitted  to  the  Beaux 
.\rts  exhibition  recently  held  in  New  York 
have  all  received  rewards.  The  design  of 
a  small  Roman  tomb  done  by  Richard  E. 
Holt  won  a  first  mention,  as  did  the 
drawings  of  R.  D.  Deetcr,  W.  A.  Ganster, 
and  W.  H.  Schcich,  who  designed  a 
presidential  drawing-room.  Awards  were 
given  to  all  designs  from  the  LTniversity 
of  Illinois. 

The  faculty  of  the  University  of  Illinois 
exhibited  their  work  at  the  gallery  in  the 
Architecture  building  February  14-29.  .All 
members  on  the  faculty  who  have  any 
work  to  display,  whether  in  oils,  ink,  or 
statuary  will  be  represented. 

There  will  be  an  exhibit  of  works  rep- 
resenting the  Associated  Collegiate  Schools 
of  Architecture  on  April  27  to  May  9.  All 
recognized  architectural  colleges  are  rep- 
resented in  this  exhibition. 


Oriental   Rug   Exhibit 

During  the  middle  of  Februar\  Nahi- 
gean  Brothers  of  Chicago  exhibited  a  rare 
collection  of  modern  and  antique  oriental 
rugs,  in  the  architectural  gallery.  The 
rugs,  some  of  which  commanded  fabulous 
prices,  were  masterpieces  in  workmanship, 
especially  the  antiques  which  were  made 
b>'  hand ;  of  silk  or  wool  dyed  with 
vegetable  dyes.  Each  rug  contained  a  de- 
sign which  represented  a  story.  The  de- 
signs varied,  some  were  made  up  of  geo- 
metrical devices,  others  were  floral.  F^ach 
design  was  characteristic  of  the  tribe  who 
made  them.  The  human  figure  was  hardly 
ever  used  in  the  design  because,  as  the 
Persians  say,  man  is  modelled  after  Allah, 
and  only  Allah  can  make  a  perfect  man. 
By  studying  the  designs  in  a  rug,  one  can 
see  that  there  is  no  symmetry  at  all,  al- 
though the  rug  may  appear  perfectly 
balanced.  Each  little  variation  in  a 
geometrical  figure  will  represent  some 
episode  in  the  history  that  the  rug  will 
tell.  In  many  ways  the  worymanship  on 
the  rug  represents  the  ideas  of  this  race 
of  people,  much  as  architecture  of  Eg>  pt, 
tireece,    and    Rome   has    done. 
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Mechanical  Engineering 

The  National  Association  of  Practical 
Refrigerating  Engineers  held  a  meeting 
at  the  University  of  Illinois  February  20 
and  21.  All  meetings  were  held  in  room 
107  in  the  M.  E.  Lab.  The  following 
papers  were   presented   Friday   10-12  a.  m. 

a.  "X'oliimctric  Efficiency"  by  I.  C. 
Reed    and    F..    E.    .\mbrosius. 

b.  "Water  Treatment  for  kc  Man- 
ufacture" bv  n.  B.  Kcves  and  Dana 
Uurke. 

Saturday   9:30-12:30   a.   m. 

a.  "Low  Temperatures  iu  Refrigerat- 
ing work."  Freezing  of  meat  at  50°  F. 
or  lower,  by  H.  Sloan. 

b.  "Air  Conditioning"  by  Willis  II. 
Carrier. 

Friday  afternoon  was  spent  inspcct- 
iog  the  different  laboratories  of  the  Tni- 
versity.  \  lecture  and  special  dem- 
onstration was  held  in  the  E.  E.  Lab. 
Friday  afternoon  on  the  "Operation  of 
Motors.''  A  dinner  was  held  Frida\  eve- 
ning at  the   I'rbana-Lincoln   hotel. 

The  investigation  of  the  ventilation  of 
the  new  Chicago  subway  is  progressing 
rapidly  with  the  erection  of  model  towers 
in  the  M.  E.  Lab.  The  problems  to  be 
met  in  the  \entilation  of  this  subway  are 
different  from  that  of  the  Holland  tunnel 
untler  the  Hudson  ri\'er  between  Ne\v 
^'ork  and  Jersey  city  in  that  there  will  be 
no  poisonous  gases  created  by  automobile 
traffic.  The  ventilation  of  the  Holland 
tunnel,  incidentallx",  was  based  on  the  re- 
sults of  tests  under  the  direction  of  Pro- 
fessor A.  C.  Willard  made  at  the  Iniver- 
sity  of  Illinois. 

The  ventilating  system  for  the  State 
street  subway  must  be  capable  of  supply- 
ing 2,960,000  subic  feet  of  outside  air  per 
minute,  which  will  provide  under  maxi- 
mum conditions,  a  complete  change  of  air 
every  five  minutes.  The  air  will  he  in- 
troduced both  at  the  lower  or  train  level 
and  also  at  the  upper  or  mezzanine  level 
through  special  ventilation  towers  sup- 
plied from  main  air  ducts  running  under 
the  station  platforms.  These  towers  and 
air  outlets  will  be  designed  from  the  re- 
sults of  the  tests  now  being  made  in  the 
M.  E.  Lab.  under  the  direction  of  Pro- 
fessor A.   C.   Willard. 

The  ventilating  system  will  not  only 
provide  fresh  air  for  respirational  pur- 
poses but  in  the  summer  months  when  the 
heat  from  train  motors,  brakes,  lights  and 
pe(tple  becomes  objectional,  the  air  will 
also  serve  as  a  cooling  medium.  The  sys- 
tem will  also  be  made  flexible  so  that  it 
will  only  be  necessary  to  operate  all  of 
the  fans  during  rush  hours  on  extremely 
warm  days.  In  no  case  will  the  air  he 
discharged  directly  on  the  people  in  the 
subwa\ . 


engineering  at  the  University  and  is  in 
charge  of  instruction  in  the  Power  Lab- 
oratory and  class  instruction  in  steam  en- 
gineering and  internal  combustion  engines. 


the   transit   problems  of   Chicago's  surface 
transportation. 


Professor  Poison  has  \%  ritten  a  book  en- 
titled "Internal  Combustion  Engines"  to 
be  used  by  students  who  have  some  train- 
ing in  fundamental  thermodynamics  and 
some  conception  as  to  the  construction  of 
Internal  combustion  engines.  Therefore, 
the  more  commonly  used  equations  of  per- 
fect gases  are  listed  in  the  appendix  with- 
out  their  derivations. 

In  describing  the  Otto  cycle  and  Diesel 
cycle,  the  tlescriptioti  and  illustration  of 
the  cycle  is  taken  up  before  the  theo- 
retical development.  .•\n  analysis  of  the 
performance  and  test  data  is  next  pre- 
sented. Typical  examples  and  problems 
are  given  at  various  points  in  the  text  as 
■  a  guide  to  the  students  and   instructors. 

Professor   Poison    is   professor   of   steam 


.■\  total  of  one  hundred  and  thirty  stu- 
dents and  faculty  men  attended  the  meet- 
ing of  the  student  branch  of  the  .\.  S.  M. 
E.  held  in  the  M.  E.  Lab.  February  11, 
1931.  This  is  a  record  attendance.  The 
program  consisted  of  a  four  reel  film, 
furnished  by  the  tireat  Lakes  .Air  corpora- 
tion, showing  the  manufacture  and  dif- 
ferent steps  in  the  assembling  of  an  aero- 
plane. X'iews  of  the  completed  plane  and 
of  the  test  flight  completed  the  picture. 

.\  co-operative  banquet  for  all  students 
in  mechanical  engineering  was  planned 
by  the  .\.  S.  M.  E.  and  Pi  Tau  Sigma, 
rhe  ban<|uet  was  held  at  the  Inman  hotel, 
Sunday    evening,    March    1,    1931. 

The  present  officers  of  the  student 
branch  of  the  A.  S.  M.  E.  are: 

Pres.:     R.   P.   Honold. 

\ice-Pres.:      W.    S.    Benjamin. 

Sec;     V.  L.   Durrstein. 

Treas.:     W.  R.   Reinhold. 

\n\  student  desiring  further  knowledge 
of  the  student  chapter  of  the  A.  S.  M.  E. 
may  obtain  such  information  from  any 
one   of   the   abo\-e   named   men. 


G.  E.  D.  Department 

On  the  evening  of  February  4  an  in- 
formal party  was  given  by  Mr.  and  Mrs. 
C.  II.  Springer  of  909  West  Springfield 
avenue.  The  entertainment  consisted  of  a 
treasure  hunt,  at  the  end  of  which  the  en- 
gagement of  Miss  Catherine  Harrington 
'33  of  Danville,  Illinois,  to  Mr.  Stanlev  d. 
Hall   '23,   Maine,   was  announced. 

.\  kitchenware  shower  was  given  after 
the  announcement  of  the  engagement. 


Engineering  Societies 

Kta  Kappa  Nu,  hon<irar\  electrical  en- 
gineering fraternity,  formally  initiated 
five  junior  and  five  senior  engineers  at 
an  initiation  banquet  given  at  the  Tr- 
bana-Lincoln  hotel,  January  12. 

Prof.  A.  R.  Knight  of  the  e.  e.  depart- 
ment acted  in  the  capacity  of  toastmaster, 
and  the  welcome  and  response  speeches 
were  given  by  W.  P.  Burglund  and  D.  L. 
llumm  respectively.  The  feature  talk  was 
made  b\  Prof.  \'ladimir  Karapetoss  of  the 
e.  e.  department  of  Cornell  University,  the 
title  of  which  ^vas  "What  Music  Means 
to  Me  and  My  Engineering  Friends."  .\ 
short  address  was  also  given  bv  Prof.  E. 
B.    Paine. 

The  pledges  initiated  at  this  baiu|uet 
were  J.  D.  Lowe  '31,  F.  M.  Deerhake  '31, 
D.  L.  Pettit  '32,  H.  H.  Cohenour  '31,  (J. 
Aichele  '32,  I.  A.  Harvev  '31,  D.  L. 
Ilumm  '32,  R.  L.  Dow  ell  '32,  B.  Gollub 
'31,  H.  Stevens  '32. 

The  officers  elected  for  this  semester 
are:  president.  J.  H.  Armstrong;  vice- 
president,  D.  L.  Humm;  recording  secre- 
tary, (i.  W.  Pickels;  corresponding  secre- 
tary, C;.  F.  Meyer;  treasurer,  B.  Gollub. 


I'hc  first  dinner  meeting  of  Sigma 
Epsilon,  was  held  at  Sigma  Phi  Epsilon 
House,  on  Fuesdav  evening,  March  3rd, 
1931. 

Cordial  invitations  were  extended  to  all 
members  of  the  Railroad  club,  and  large 
representation    was    appreciated. 

Fhe   discussion   of   the   evening   was   on 


Tau  Beta  Pi  held  a  social  gathering 
Sunday  evening,  February  22,  at  the 
Southern   Tea   Rooms. 

Fhe  faculty  members  were  well  repre- 
sented and  a  general  informal  discussion 
was  held  on  the  program  of  the  spring 
semester. 


Sigma  Fau,  honorary  engineering  fra- 
ternity, held  a  dance  February  28  at  the 
Sigma  Pi  house  to  which  they  invited  the 
members  of  the  local  chapter  of  Tau  Beta 
Pi.  Jack  Liesenring  and  his  "Illini  Aces" 
furnished   the  inusic   for  the  occasion. 

Fhe  dance  committee  was  composed  of 
C.  i:.  Staples  '31  e.  e.,  J.  D.  Lowe  '31,  e. 
e.,  \ .  W.  Joslin  '31  m.  e.  and  R.  Mac 
Clinchie  '32  e.  e.  Dean  H.  H.  fordan. 
Prof.  F.  A.  Russell  of  the  B.  O.  &' O.  de- 
partment and  Prof.  J.  K.  Tuthill  and  L. 
L.  Smith  of  the  railway  and  electrical  de- 
partments respectively  were  the  chaperones 
for  the   dance. 


.\  Pi  Tau  Sigma  meeting  was  held  Feb- 
ruary 12.  The  pledging  of  new  men  was 
discussed.  The  present  officers  are:  presi- 
dent, Jean  E.  Lattan ;  vice-president,  J. 
.\.  Harve\  ;  secretarv,  E.  J.  Pouzar;  treas- 
urer, E.  A.  Shultz. 


.At  a  recent  meeting  of  Pi  Tau  Pi  Sigma 
officers  for  the  second  semester  were 
elected.      Thev  are: 

Pres.:     R.   P.    Honold. 

\'.  Pres.:     C.  M.  Mackenzie. 

Treas.:     R.   H.   Newell. 

Record  Sec:     C.  A.  Davis. 

Corres.   Sec:     F.  M.   Somers. 

'Paw,   what   is   a   bicuspid?" 
"A    bicuspid,    my     son,     is     a     double- 
barreled    spitoon." 

"When   you   throw    a    match    in   the   air 
does   it    light?" 
"No." 
"Then   Newton   must   be   wrong." 


.An  old  fashioned  girl  is  one  who  takes 
the  cigarette  out  of  her  mouth  before  pull- 
ing her  night-gown  over  her  head. 

— Co-ol'erath'c  Engincir. 


Women  keep  their  chins  in  their  hands 
when  they  are  thinking  to  keep  their 
mouths  shut  so  they  won't  disturb  them- 
selves. — Co-operati'vc  Engineer. 


Fhe    sweet    girl     graduate     was     being 
shown   through  the   locomotive  shop. 

"What    is    that    enormous    thing?"    she 
asked. 

"That,""     explained     the     guide,     "is     a 
locomotive    boiler."" 

■'.And    why   do   they   boil    locomotives?" 
she  insisted. 

"To  make  the  engine  tender." 

— Co-operalh'e  Engineer. 


AND  WILL  BE! 
She   doesn't   paint,   she   doesn't   rouge ; 
She  doesn't  smoke,  she  doesn't  booze ; 
She   doesn't   kiss,   she   doesn't   pet; 
She's   fifty-eight   and   single  yet! 

— Mieliitjan    Teclinic. 


"I'd  like  a  couple  of  hard  boiled  eggs  to 
lake  out,"  said  the  student  to  the  girl  at 
the   lunch  counter. 

"O.  K.,  kid,"  came  back  the  skoii,  dimp- 
ling, "Mamie  and  I  will  be  off  in  ten 
minutes. 
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Electric     C^ontrol     Permits 

Two  Elevators  on  Same 

Shaft 

As  the  height  of  a  buildiiiR  increases 
the  luimher  of  elevators  required  also  in- 
creases due  to  the  greater  nunnber  of 
people  using  the  upper  portions  of  the 
Iniilding.  The  shaftways  of  these  elvators 
reduce  the  rentable  area  of  a  tall  building 
to  a  great  extent.  As  many  as  t\vent>- 
tivc  elevators  arc  not  uncommon,  and  the 
use  of  dual  elevators  in  certain  typical 
buildings  would  save  floor  space  which 
could  be  rented  for  $35,000  to  $85,000  a 
year.  For  example  a  twenty-story  build- 
ing having  four  express  and  four  local 
elevators  each  with  a  shaftway  area  of  50 
s(|uare  feet  would  rei|uire  an  area  of  6,000 
s<|uare  feet  if  the  usual  single  elevator 
per  shaft  were  used.  The  floor  area  re- 
<|uired  for  the  same  building  when  dual 
operation  is  used  would  be  +.400  square 
feet,  representing  a  saving  of  1,600  s<iuare 
feet  which  if  rented  for  an  average  price 
of  $4  per  sc|uare  feet  per  year  would  in- 
crease the  annual  income  of  the  building 
$6,400.  .\  combination  of  electrical  and 
mechanical  control  has  now  made  it 
possible  to  operate  two  and  even  three 
elevators  in  the  same  shaftway  and  the 
first  installation  of  this  kind  has  been  re- 
cently made  in  the  Westinghouse  company 
building  at  East  Pittsburg,  Pennsylvania. 

When  two  elevators  are  used  in  this 
manner,  one  is  operated  as  an  express  to 
the  upper  stories,  while  the  other  is  used 
to  serve  the  lo\ver  stories  of  the  building. 
These  operate  on  a  definite  time  schedule 
and  complete  their  trips  before  either 
starts  in  the  other  direction.  The  possi- 
bility of  collision  due  to  incorrect  schedules 
or  other  mechanical  troubles  has  been 
eliminated  by  the  use  of  three  safety 
svstems.  Each  car  has  been  made  the 
limit  of  travel  of  the  other,  just  as  in  a 
single  elevator  system  the  top  and  the 
bottom  of  the  building  are  the  limits  of 
travel.  An  automatic  electrical  block 
system  operated  from  the  floor  selectors 
applies  brakes  to  the  rails  and  slows  down 
and  stops  the  cars,  the  same  as  if  the 
landing  button  had  been  pressed.  Should 
the  electrical  device  fail  to  function  when 
the  car  is  approaching  a  dangerous  posi- 
tion, a  mechanical  device  comes  into  ac- 
tion. This  consists  of  a  differential  gear 
attached  to  each  car  by  a  steel  tape  so 
that  the  movement  of  the  gear  depends 
upon  the  position  of  the  cars.  The  dif- 
ferential gear  control  reduces  the  speed 
of  the  approaching  car  and  finally  stops 
it  by  reducing  the  tripping  speed  of  the 
governor,  which  applies  the  car  safeties. 
The  difi^erential  gear  also  establishes 
electrical  cotmections  which  slow  down 
the  car  and  operate  independent  of  the 
block  system.  The  car  brakes  can  be  ap- 
plied bv  manual  control  from  each  car 
also. 

The  cars  are  provided  with  three  lights 


located  on  the  control  panel  of  each, 
which  indicate  to  the  occupants  the  speed 
at  which  they  are  traveling  and  also  if 
they  are  slowing  down  or  stopping  for 
any  reason.  The  lower  car  is  supported 
on  cables  ruiuiing  down  the  side  of  the 
shaft  and  the  upper  one  is  supported  in 
the  usual  manner.  The  counter  weights 
operate  on  the  same  set  of  rails  and  the 
upper  one  carries  a  device  which  engages 
steel  jaws  with  the  rails  preventing  it 
from  falling  on  the  lower  should  the 
hoisting  ropes  become  disconnected.  We 
are  told  in  the  Eli-dric  Journal  for  1931 
that  this  dual  operation  system  for  eleva- 
tors is  much  safer  than  the  single  elevator 
system,  due  to  the  fact  that  more  safety 
devices   are   incorporated   in   it. 


The    "Ro-Railer" 

The  prospect  of  a  new  era  of  trans- 
portation has  been  opened  up  by  the  suc- 
cessful trial  of  the  new  ro-rail  motor 
cars  in  London.  These  vehicles,  as  the 
name  implies,  travel  on  the  road  as  well 
as  on  the  rails.  It  is  hoped  to  speed  up. 
b\'  a  door-to-door  service,  both  freight  and 
passengers.  This  is  true  especially  in 
Europe,  where  short  hands  are  so  numer- 
ous. It  would  he  very  convenient  to  the 
manufacturer,  who  wished  to  ship  a  few 
tons  of  material  over  a  distance  of  two 
hundred  miles,  to  load  up  a  truck  that 
would  take  his  material  over  roads  and 
rails  to  his  customers  door,  without  having 
to  waste  time  of  loading  and  unloading 
at   rail   heads. 

Simplicity  is  the  keynote  of  the  design 
of  this  new  coach.  Flanged  rail  wheels, 
neatly  concealed  on  the  axis  behind 
balloon  tired  wheels  makes  it  possible  for 
the  ro-railer  to  travel  on  the  highway 
as  well  as  on  the  rails.  The  balloon  tires 
can  be  raised  in  about  two  minutes,  when 
taking  to  the  track,  so  they  will  not  cause 
accidents  when  crossing  a  switch.  The 
low  center  of  gravity  and  the  weight  upon 
the  axles  are  designed  to  afford  safety 
in   crossing  switches   at   high   speeds. 

The  Lang  laminated  wood  wheel  is  used 
on  the  rails  in  order  to  eliminate  as  much 
noise  as  possible.  Ihis  wheel  has  strength 
as  well  as  resilence.  The  springs  have 
reached  a  happv  medium  between  the  rail 
and  the  road  re(|uircments,  and  will  thus 
afford  the  maximum  comfort  for  travel  at 
sixty  miles  an  hour  on  rail  and  forty 
miles  an  hour  on   road. 

The  motor  is  small  enough  to  pull  a 
small  train,  but  the  car  itself  can  be  at- 
tached to  another  train,  whether  freight 
or  express  and  the  motor  can  be  disre- 
garded. The  gear  ratio  for  road  travel  is 
exactly  the  same  as  that  of  our  continental 
busses,  but  for  rail  travel  it  has  been 
found  wise  to  suppliment  the  gear  box  to 
reduce  the  number  of  eM;;ine  revolutions, 
rhc  car  is  equipped  with  biitli  railwax 
and  automobile  brakes. 


Refrigerating  Machines 
Used  for  Heating  Purposes 

W'e  are  told  in  the  Februar\'  issue  of 
llialinij  and  Plunibinij  that  refrigerating 
machines  are  being  advocated  in  Ital\'  for 
the  heating  of  homes.  It  might  seem  odd 
that  such  a  machine  couUl  be  used  for 
heating  purposes,  but  this  idea  was  pro- 
posed  as  early  as  1852  by  Lord  Kelvin. 

•A  refrigerating  machine  consists  essen- 
tially of  four  mai[i  units,  namely,  a  com- 
pressor, condenser,  expansion  valve  and 
refrigerating  coils.  The  operation  of  the 
machine  consists  of  compression  of  the 
gas.  which  is  ammonia,  sulphur  dioxide, 
or  similar  gas,  a  cooling  and  consequent 
liquiding  in  the  condenser,  the  expansion 
of  the  li(|uid  to  a  vapor  through  the  valve 
and  finalli  the  absnrbtion  of  heat  from 
the  body  to  be  cooled,  by  the  refrigerating 
coils.  It  removes  heat  fr<im  the  body  to 
be  cooled  to  0°C  or  less  and  rejects  it 
to  the  condenser  at  a  temperature  of  20° 
to  "25  c.Added  to  this  heat  is  also  the  heat 
etjuivalent  of  the  work  ref]uired  to  drive 
teh  machine.  When  used  for  cooling  pur- 
poses this  heat  is  of  no  use  and  is  ab- 
sorbed by  cooling  water  in  large  ma- 
chines and  by  the  atmosphere  in  house- 
hold   refrigerators. 

If  the  body  to  be  cooled  were  made  the 
outside  atmosphere  the  heat  from  it  and 
from  the  work  of  the  machine,  absorbed 
by  the  water  in  the  condenser  could  be 
distributed  through  a  house,  by  pumping 
the  water  to  radiators,  this  being  similar 
to  our  hot  water  system  of  heating.  Under 
such  conditions,  extracting  heat  from  the 
external  air,  one  obtains  from  1  k.  w.  hour 
from  3,000  to  20,000  calories,  of  which  864 
comes  from  the  electric  force  and  the  rc- 
?iiainder  from  the  surrounding  atmosphere, 
heated  as  ever>thing  is,  b>  the  sun.  It  is 
hard  to  conceive  of  absorbing  heat  from 
the  surroundings  when  their  temperature 
is  low,  but  this  is  possible  due  to  the  fact 
that  the  temperature  of  the  gas  will  be 
lower  and  there  will  be  heat  flow  to  it. 

The  amount  of  useful  heat  per  k.  iv. 
hour  obtainable  with  refrigerating  ap- 
paratus depends  upon  the  power  of  the 
machine  and  upon  the  difference  between 
the  temperature  levels,  being  greater  as 
the  machine  is  more  powerful  and  less  as 
the  temperature  change  from  the  refrig- 
erating coils  to  the  condenser  increases. 

If  this  system  becomes  practical  the 
same  machine  could  be  used  for  heating 
a  home  in  winter  as  is  used  in  cooling  it 
in  summer.  This  would  however,  neces- 
sitate a  new  method  for  low  temperature 
heating;  that  is  from  20"  to  25°  C  in- 
stead of  80°  to  90°  C  as  used  in  present 
methods.  It  is  claimed  that  in  some  in- 
stances electric  refrigerating  heating  ma\ 
be   cheaper   than   other  methods. 

The  article  states  that  the  problem  is  of 
iinportauce  in  Italy,  because  with  the 
adoption  of  electric  heating  the  nation's 
bill   for  imported  coal  could   be  decreased 
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and  also  in  that  a  market  at  a  low  price 
could  he  developed  for  current  in  hours 
of  low  consumption,  when  heat  could  be 
accumulated  and  stored  in  insulated 
tanks  to  be  drawn  upon  duriiiR  all  hours 
of  the   da\. 


The    Campbell    Racing   Gar 

A  few  weeks  ago  Captain  Malcolm 
Campbell  drove  a  car  on  Daytona  Beach 
at  a  little  over  four  miles  a  minute.  It  is 
about  a  mile  a  minute  faster  than  the 
average  airplane  flies,  and  about  two 
miles  a  minute  slower  than  the  fastest 
plane  has  travelled.  It  is  faster  than  an\ 
human  has  travelled  on  land  or  sea. 

To  accomplish  such  a  feat  it  was  neces- 
sary to  build  a  car  that  would  withstand 
many  abnormal  stresses.  In  its  construc- 
tion engineers  had  to  use  their  greatest 
skill  to  produce  a  car  that  would  increase 
the  speed  of  the  record  by  14.287  miles 
per  hours.  Many  unique  methods  were 
used  to  overcome  the  problems  that  pre- 
sented themselves. 

To  make  possible  such  tremendous 
speeds  the  stream-line  is  the  first  thing 
to  solve.  A  wind  tunnel  is  used  and  the 
wind  effects  are  found  by  using  a  clay 
model  in  the  same  way  that  the  airplane 
design  is  tested.  In  this  way  the  points 
of  greatest  air  pressure  can  be  found  and 
the   best  stream-line  can   be   decided    upon. 

When  a  car  is  travelling  at  the  rate  of 
2+5  miles  per  hour  the  wind  speed  is 
numerically  the  same.  This  exerts  an 
enormous  pressure  on  the  front  of  the  car 
while  a  partial  vacuum  is  formed  at  the 
back.  This  vacuum,  or  negative  pressure, 
on  the  rear,  tends  to  raise  the  back  end  of 
the  car  up,  and  cause  it  to  turn  turtle. 
Therefore  the  first  thing  that  stream- 
lining must  do  is  to  equalize  the  pressure 
at   all    points. 

The  chassis,  \vhich  bears  the  entire 
weight,  must  be  extremely  strong,  and 
must  he  braced  against  every  possible 
stress  that  the  stream-line  will  give.  I'n- 
derneath  the  chassis  runs  the  under  pan 
that  screens  all  parts  from  the  wind 
stream.  The  wheels  are  also  stream-lined. 
The  front  wheels  only  need  a  fairing  in 
the  back  in  order  to  stop  the  disturbing 
eddies.  The  front  of  the  wheel  is  stream- 
lined enough  without  further  help.  The 
rear  wheel  must  he  stream-lined  in  back 
and  in  front,  as  it  gets  all  the  air  dis 
turbances  from  the  rest  of  the  car. 

The  Blue  Bird  is  powered  h\  a  1,4U0 
horsepower  Napier  twelve  cylinder,  super- 
charged airplane  motor.  The  transmis- 
sion is  not  direct,  however,  as  such  a 
system  would  necessitate  the  driver  to  be 
raised  about  a  foot,  thus  spoiling  the 
stream-lines.  In  order  to  make  this  change 
a  huge  gear  box,  which  is  (juite  an  en- 
gineering feat  in  itself,  was  constructed 
which  ofltset  the  transmission  shaft  to  the 
left  of  the  center.  The  top  of  the  driver's 
head  is  now  thirty-nine  and  a  half  inches 
from   the   ground. 

The  wheels  were  quite  a  problem  in 
themselves.  As  we  know  that  if  a  solid 
steel  fly  wheel  exceeds  what  is  called  its 
critical  speed,  it  will  fly  to  pieces,  so 
great  is  the  centrifugal  force.  The  tires, 
if  ordinary  tires  were  to  be  used,  would 
fly  off  like  mud  when  the  car  reached 
its  maximum  speed.  Therefore  the  wheels 
must  he  designed  to  take  care  of  the 
teriffic  pressure,  and  the  heat  generated. 
As  it  is  the  centrifugal  force  that  is  great 
enough  to  cause  the  radius  of  the  wheel 
to  increase  an  inch  and  a  half  when 
travelling  at  the  rate  of  a  hundred  and 
fifty   miles   an    hour. 

The  brakes  caused   another   pnililein.     A 


special  vacuum  motor  was  used  in  order 
to  give  a  steady  increasing  pressure.  This 
pressure  could  not  go  over  a  given  point 
in  order  not  to  cause  the  brake  drums  to 
burn.  The  radiator  was  built  in  a 
separate  unit  in  order  to  allow  a  small 
stream  of  air  to  pass  through  without  dis- 
turbing the  internal  bracing.  Force  pumps 
were  necessary  to  feed  the  motor  as  the 
momentum  was  so  great  that  it  overcame 
the   effect   of   gravity. 

The  greatest  menace  to  high  speed 
driving  is  the  possibility  of  swerving. 
This  is  overcome  on  the  Blue  Bird  by  a 
huge  fin,  which  acts  to  prevent  this 
danger.  As  a  final  step  to  perfection,  the 
stream-line  must  be  made  as  smooth  as 
possible.  In  order  to  reduce  this  skin 
friction  twenty-two  coats  of  paint  were 
used. 


Lead  in  Missouri 

Charles  W.  Cuno  describes  "The  Ro- 
mance of  Lead  in  Missouri"  in  the  Jaiui- 
arv  issue  of  the  Journal  of  Industrial  and 
Engineering  Chamistry. 

Persisting  through  centuries  of  exploita- 
tion, the  state  of  Missouri  has  produced 
over  one-third  of  the  lead  secured  in  the 
United  States,  and  almost  one-sixth  of  the 
total  production  of  the  entire  world.  Its 
productions  aggregate  some  nine  million 
tons,  having  a  value  well  over  one-half 
billion    dollars. 

The  Indians  secured  lead  here  from  the 
surface  outcrops,  and  for  a  while  used  it 
as  a  medium  of  barter.  A  while  after  the 
French  secured  control  of  the  country,  in 
1719,  operations  were  begun  by  searchers 
for  more  precious  metals,  hut  were  soon 
abandoned.  Not  long  afterwards  a  French 
soldier  of  fortune,  with  a  considerable 
group  of  artisans  and  miners,  came  into 
the  region,  and  opened  several  mines, 
among  which  is  the  famous  Mine  I. a 
Motte.  These  were  worked  until  1742, 
when  financial  difhiculties  caused  their 
abandonment. 

In  1708  Moses  Austin,  a  Virginian, 
started  a  shaft  and  set  up  the  first  re- 
verberatorv  furnace.  Crude  as  his  meth- 
ods were,  thev  were  the  best  instituted, 
and  he  gained  a  monopoly  on  the  work 
of  that  type.  No  distinct  improvements 
were  instituted  until  1836.  when  a  Scotch 
Hearth  furnace  was  introduced.  Since  that 
time,  new  improvements  have  filtered  in 
gradually,  until  now  there  are  a  variety 
of  processes  in  operation.  The  Civil  war 
gave  a  considerable  stimulus  to  the  iiuius- 
trv,  causing  the  price  of  lead  to  go  up 
to  a  price  where  it  persisted  for  a  long 
time  afterwards.  During  the  years  from 
18M  to  1864  the  Mine  La  Motte  alone 
produced    3,500  tons  of   lead. 

.After  the  war,  the  small,  individual 
companies  combined  to  form  larger  ones, 
until  now  there  are  reallv  only  two  large 
companies  in  the  field.  These  companies 
have  some  single  mills  that  handle  3,600 
tons  of  crude  ore   in   one  day. 


Illumination    for   Football 

In  the  .Atlantic  Citv  .\uditorium  the 
football  teams  of  Washington  and  Jeffer- 
son College  and  Lafayette  College  re- 
cently met  in  the  first  indoor  football 
game.  Playing  before  a  crowd  of  ap- 
proximately 20,000,  many  of  whom  were 
in  formal  evening  clothes,  the  red  and 
black  of  Washington  &  Jefferson  tri- 
umphed over  the  F.astonians  by  a  score 
of   7   to   0. 

To  provide  ample  illuminalion  tor  the 
game,  the  normal  lighting  ccjuipment  ot 
the     auditorium,     which     utilizes     600,000 


watts,  was  supplemented  by  the  addition 
of  a  powerful  flood-lighting  system  using 
another  200,000  watts.  The  main  lighting 
consists  of  540  floodlight  projectors  spaced 
14  feet  apart  in  the  trusses  arching  across 
the  curved  ceiling.  I'sing  a  white  football 
and  playing  in  the  light  provided  by  the 
two  lighting  systems,  the  players  experi- 
enced no  difficulties  due  to  poor  visibility. 

The  roof  of  the  auditorium  is  supported 
by  ten  pairs  of  3-hinge  trusses  weighing 
220  tons  per  pair.  The>'  have  a  clear 
span  of  350  feet  and  a  clearance  abos'e 
the  playing  field  of  135  feet.  It  was  noted 
during  the  game  that  the  highest  and 
longest  punts  seemed  pvniy  in  their  re- 
lation  to  the   roof  of   the   auditorium. 

The  interior  of  the  auditorium  meas- 
ures approximately  500  feet  by  300  feet  ; 
therefore,  ample  room  for  a  full  sized 
football  field  with  comfortable  margins 
on  the  end  zones  and  the  sidelines  was 
available.  The  absence  of  pillars  in  the 
auditorium  assured  unobstructed  vision. 
The  field  was  composed  of  dirt  brought 
from  the  interior  of  New  Jersey  in  48 
freight  cars.  The  total  weight  of  the  dirt 
laid  and  rolled  to  a  perfect  playing  sur- 
face was  2,500,000  pounds. 

The  formal  clothes  and  the  very  notice- 
able lack  of  hats  on  both  men  and  women 
constituted  new  notes  among  a  crowd 
witnessing  a  football  game,  usually  asso- 
ciated with  fur  coats  rather  than  with 
the  black  and  white  and  gay  colors  of 
evening  dress.  Immediately  following  the 
game,  a  dance  Avas  held  in  the  .Audito- 
rium ball  room,  a  separate  room,  the 
dance  floor  of  which  can  accommodate 
2,500    couples. 


1930   Electrical   Improvements 

Cireat  strides  of  progress  have  been 
made  in  many  directions  during  1930  by 
electric  companies.  This  forward  move- 
ment has  been  particularly  conspicuous  in 
the  fields  of  research  and  development, 
scores  of  new  improvements  having  ex- 
tended the  scope  of  electricity  by  finding 
new  functions  and  iu'\\  services  for  it 
to    perform. 

I''lectrical  engineers  and  executives 
sound  an  optimistic  note  as  they  look  into 
the  future  after  reviewing  the  past  vear 
and  they  predict  that  the  progress  which 
has  brought  the  scientific  world  up  to 
the  present  will  give  it  momentum  to  con- 
t  i  n  u  e  this  engineering  achievement 
through   1931   and  beyond. 

Included  in  the  list  of  achievements  for 
1930  are  three  which  are  still  in  the  de- 
velopment stage  and  have  not  reached 
production  for  commercial  m.arkets.  Those 
are  the  photo-electrical  traffic  light  con- 
trol, the  stroboglow  and  the  mercur\  grid- 
glow   tube. 

.Actual  installati(Mis  are  now  proving 
the  value  of  the  photo-electrical  trattic 
light  control  at  major-minor  street  and 
highway  intersections.  Practical  use  is 
being  made  of  the  stroboscope  in  the  ob- 
servation of  gear  teeth  meshing  at  high 
speed,  of  airplane  propeller  blades  and 
similar  objects  in  motion.  Many  possible 
and  practical  applications  are  foreseen  for 
the  grid-glow  tube,  an  essential  part  of 
both  the  trafiic  light  control   and  the  stro- 
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Water-power  development  has  been 
notable  with  unusual  installations  in  Ver- 
mont. North  Carolina,  at  Niagara  and 
in  Ruskin,  British  Columbia.  Several 
3,600  r.p.m.  steam  turbine  generator  units, 
rating  15,000  kilowatts  and  having  only 
63  percent  the  weight  of  their  slower 
predecessors  but  with  five  percent  more 
(Conlhiued   on    Pane   21) 
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MoNTGOMiCKv  H.  (',\si;,  CO.  '06,  is  the 
cnt;iiicer  of  coiistiiictioM  for  the  Rrcat  new 
Kiil  van  Kiill  bridjje  at  New  \'ork  iit\. 
The  closure  of  the  steel  arch  «as  com- 
pleted October  +,  1930,  but  the  bridKc  "ill 
not  be  open  for  traffic  until  1V32.  Sim- 
ultaneous with  this  construction  is  that 
of  the  Sydney  Harbor  Kate  in  Australia. 
Neither  is  approached  in  length  of  span 
by  any  similar  structure  and  oid\  the  Hell 
Gate  arch  rivals  them  in  size.  The  Eii- 
ijineirintj  News-Riioiii  for  October  23, 
1930  says:  "Both  are  epochal  structures, 
setting  new  heights  of  attainment  in  struc- 
tural analysis,  rolliiig  mil!  practice,  use  of 
new  materials,  and  fabrication  and 
erection  of  structural  steel.  The  fact  that 
the  arch  has  entered  the  field  of  long- 
span  bridges,  heretofore  dominated  by  the 
suspension  and  cantilever  types,  is  im- 
portant. The  arch  has  long  been  con- 
sidered the  most  difficult,  the  most  un- 
certain, and  therefore  the  most  dangerous 
of  bridges  to  construct.  Once  completed, 
it  ranks  high  in  effectiveness  and 
efficiency,  but  until  it  is  closed,  at  the 
very  end  of  the  erection  period,  its  fwo 
halfs    are    dangerously    unstable." 

Continuing  in  another  article:  "The 
arch  (of  the  Kill  van  Kull  bridge)  is  the 
longest  yet  built ;  it  was  erected  by  the 
cantilever  method  from  falsework  placed 
and  released  successively  as  erection  pro- 
ceeded ;  and  closure  was  effected  nearly 
2>0  feet  beyond  the  center  of  the  arch, 
a  re(|uirement  made  necessary  by  the 
location  of  the  ship  channel  (in  which  no 
falsework  was  permitted)  near  the  south 
shore  of  the  Kill   van   Kull." 


Myron  S.  H.\ncock,  e.e.  17,  is  now 
assistant  manager  of  the  industrial  motor 
department  of  Westinghouse,  located  in 
Wilkinsburg,   Pennsylvania. 


W.WSK  Pringi.k,  c.e.  '07,  died  as  the 
result  of  heart  failure  at  Kansas  City, 
Missouri.  Pringle  was  working  for 
Woods  Brothers  Construction  company. 
From  1909  to  1919  he  was  an  engineer 
in  the  construction  department  of  the 
Burlington  railroad,  leaving  that  to  be- 
come chief  engineer  for  Woods  Brothers. 
He  became  a  outstanding  authority  on 
river  and  harbor  construction  and  op- 
erated the  construction  of  this  corporation 
on  almost  all  the  western  rivers  and  sea- 
wall construction  along  the  (Julf  coast. 


Ralph  Moojkski,  who  was  awarded  the 
honorary  degree  of  doctor  of  engineering 
hy  the  T'niversit>'  in  1911,  was  presented 
with  the  Washington  award  of  1930  in 
engineering  recentl)'.  This  award  is  given 
anruiall>*  "to  the  engineer  who  has  done 
the  most  for  the  happiness  and  welfare 
ol  humanity."  It  is  conferred  by  five 
leading  engineering  societies,  A.  S.  C.  F.., 
A.  S.  M.  E.,  A.  S.  M.  and  M.  F.,  A.  I. 
K.  E.,  and  the  Western  Society  of  En- 
gineers. 


.\.  M.  joiissos,  ni.c.  '03,  is  supcrii 
teiidein  and  chioi  ongineer  of  the  Barni 
Drill   conipain    al    Rocktord. 


V.   R   R,\M).\i,i. 

Frank  R.  Raxdali,,  arch.  e.  '05,  and 
his  brother,  EowiN,  arch.  e.  '11,  has 
structurally  designed  some  of  the  best  ap- 
pearing buildings  in  Chicago.  Among 
those  which  they  have  designed  are  the 
new  \'ictor  Lawson  Memorial  Y.  M.  C. 
.\.,  the  Medinah  Athletic  club,  and  1400 
Lake  Shore  drive,  which  in  1926  was  the 
tallest  concrete  building  in  the  world. 
They  also  designed  the  unique  Fosha\ 
tower   in    Minneapolis. 


.\lii.hs  n.  CAno\,  c.e.  '21,  for  the  past 
three  years  has  been  making  a  survey  of 
the  conditions  of  6,000  miles  of  concrete 
highways  in  practically  every  state  east 
of  the   Mississippi. 


Frki)  W'eick,  m.e.  '22  is  conducting  re- 
search work  at  Langley  field,  \'irginia,  on 
a  new  type  of  airplane  control  that  will 
eliminate  the  danger  of  landing.  He  has 
also  been  selected  to  design  the  propel lors 
for  the  new  (.Joodyear  dirigible  under  con- 
struction at  .\kron,  Ohio. 


V .  F.  I.ACKF■:^,  c.e.  '2S,  is  supervising  en- 
gineer lor  the  Burns-McDonnell  Engineer- 
ing coinparn,   Kansas  City,  Missouri. 


Mii.i()\  li.  Norman,  m.e.  '20,  is  design- 
ing engineer  for  the  .\merican  Bridge 
company,   Chicago. 


R.  W.  OwKNS,  m.e.  '14,  formerly  man- 
ager of  industrial  motor  engineering  of 
Westinghouse,  has  been  made  general 
manager  of  industrial  engineering.  In 
1915  he  received  his  M.  S.  from  the  I'ni- 
versity.  He  entered  the  d.  c.  section  of 
the  motor  engineering  department  in  1916. 
In  1919,  he  was  appointed  section  en- 
gineer in  charge  o(  this  section,  and  iii 
1927  he  was  appointed  manager  of  the 
industrial  motor  engineering  department. 
Several  of  his  articles  have  appeared  re- 
cently in  the  Electric  Journal. 


IlAROt.n  L.  Parr,  c.e.  '20,  is  superin- 
tendent of  construction  with  Allied  En- 
gineers, incorporated,   Saginaw,  Michigan. 


Fj.mer  W.  Marx,  arch.  '22,  is  with  C. 
W.  Lampe  and  company,  Chicago,  and  is 

also  interested   in   the  Lamar  Construction 
company. 


CJeorck  R.  Whkfi.er,  m.e.  '23,  is  presi- 
dent and  treasurer  of  the  Bushnell  Pump 
company,   Bushnell,   Illinois. 


Lkon  B.  Kordel.l,  c.e.  '24,  was  resident 
engineer  on  the  new  Wabash  avenue 
bridge,  Chicago.  This  bridge,  which  cost 
$3,500,000,  is  an  arch  bridge,  the  two 
parts  counterbalanced  by  weights  of  1,500 
tons  each  as  they  were  lowered  to  make 
the  closure.  The  first  bridge  on  this  was 
built  by  subscription,  the  white  settlers 
contributing  $282,  and  the  Pottawatomie 
Indians  $200.  It  was  a  span  of  floating 
logs   and   was   used    until    1840. 


Harold  E.  Wessmak,  c.e.  '24,  who  for 
a  year  was  professor  of  bridge  construc- 
tion at  Nanyang  university,  Shanghai, 
China,  has  returned  and  is  now  connected 
with  Waddell  and  Hardesty,  consulting 
engineers,    New    York. 


Don  S.  Kino,  arch.  '27,  after  a  .\ear  of 
graduate  work  at  the  University,  is  now 
a  member  of  the  department  of  architec- 
ture, Columbia  university. 


B.  Leighton  Wellman,  m.e.  '30,  is  ai 
instructor  in  mechanical  engineering  a 
Worcester  Polytechnic  institute,  Worces 
tor,   Massachusetts. 


Charles  B.  Burdick,  c.e.  '95,  recently 
contributed  an  article,  "Supplying  Water 
to  a  Large  Memorial  Fountain"  to  the  £«- 
i/inrrrinti  Ncu^s-Rccnrd.  It  dealt  with  the 
Buckingham  Memorial  in  Chicago,  where 
Burdick  is  a  prominent  hydraulic  en- 
gineer. 


CUREIS  Mainlm,  arch.  '92,  is  in  the 
architectural  department  of  the  Missouri 
Pacific  Railroad  company  at  St.  Louis.  He 
also  finds  time  for  art,  some  of  his  sketches 
and  canvasses  being  sold  in  St.  Louis' 
leading  stores. 
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MoRGAK  J.  Hammers,  in.e.  '98,  is  vice- 
president  nf  the  Petroleum  Heat  and 
Power  company,  makers  of  fuel  oil  and 
oil  burners.  He  was  a  pioneer  in  the 
development  of  oil  burners  for  furnaces, 
and  years  ago  manufactured  a  steam  auto- 
mobile. 


Wil.i.ARi)  L.  Fxv,  m.e.  '07,  attended  a 
conference  of  Illinois  weights  and  measure 
inspectors  and  read  a  paper  before  the 
conference.  He  is  with  the  engineering 
department  of  W.  and  L.  E.  Gurley,  man- 
ufacturers of  engineering  instruments. 


('.  H.  ToRSQliST,  c.e.  '07,  is  now  at 
Poison,  Montana,  where  he  is  superin- 
tendent of  a  dam  being  constructed  by 
the  Phoenix  l"tilit\  company  on  the  Flat- 
head   Intlian    reservation. 


IU'(;ii  A.  Krown',  e.e.  '11,  is  a  professor 
in  the  department  of  electrical  engineer- 
ing. 


.Arthur  F.  Connard,  m.e.  '12,  is  now 
located  at  Pottsville,  Pennsylvania,  at  the 
headquarters  of  the  Philadelphia  and 
Reading  Coal  and  Iron  company. 


Frank  J.  Hokfmas  and  Enwis  F. 
North,  both  arch.  '14,  are  together  in 
Racine,   Wisconsin. 


RoRKRr  L.  Smart,  e.e.  '14,  is  with  the 
Southern  California  Edison  compan>, 
located   in   San  Gabriel,   California. 


Runoi.F  S.  Pfeiffer,  m.e.  '17,  is  in 
charge  of  tractor  engineering  for  the 
Caterpillar  Tractor  compan  yin  Peoria. 


J.  P.  Smai.iavooi),  e.e.  '17,  is  district 
traffic  superintendent  of  the  -American 
telephone  and  Telegraph  company  at  St. 
Louis,    Missouri. 


Thomas  A.  Collins,  m.e.  '28,  is  secre- 
tary of  Blackman-Hill  and  company,  in- 
corporated, machine  tool  manufacturers, 
St.  Louis. 


\\'iLLL\M  Gansters,  arch.  '30,  is  an  as- 
sistant in  architecture  at  the  University. 
Last  summer  he  was  the  designer  and 
supervisinb  architect  of  Christ  churcli, 
Waukegan. 


Charles  H.  \ m\.,  c.e.  '91,  has  been  ap- 
pointed state  highway  engineer  of  Colo- 
rado. .According  to  the  Denvir  Post,  ".All 
the  rigid  re(|uirements  for  appointment 
were  met  by  Vail,  who  is  widely  known 
as  a  most  capable  engineer."  Since  1908, 
Vail  has  lived  in  Colorado,  being  first 
connected  with  various  railroads  as 
locating  engineer,  chief  draftsman,  chief 
engineer,  and  general  manager.  He  en- 
tered the  service  of  the  state  in  1917, 
when  he  was  appointed  engineer  for  the 
state  public  utilities  commission.  He  was 
named  manager  of  parks  and  improve- 
ments  in    Denver   in    1923. 


WiLLL\M  Miller,  c.e.  '92,  is  with  the 
Wichita  Railway  and  Light  compan>. 
Wichita,    Kansas. 


Pkrc\  Walton,  c.e.  '94,  formerl\  with 
the  Illinois  Steel  Hridge  company,  Jack- 
sonville, is  now  with  the  National  Iron 
company,  UuUith,  Minnesota. 


.\.  V.  North,  arch.  '85,  is  the  author 
of  an  article  in  regard  to  the  1933  Chi- 
cago fair  in  the  recent  issue  of  the 
ll'isltrn    .In/iilrit. 


Ethan  Philbrick,  c.e.  '81,  after  many 
years  in  railroad  and  hydraulic  engineer- 
ing, is  now  a  fruit-grower  in  Georgia. 


W  .S.  Weston,  c.e.  '81,  has  been  the 
southwest  representative  for  the  Buda 
compativ  for  manv  vears,  working  mostlv 
in  Texas,  Oklahoina'.  and   .\rkansas. 


S.    I..     IlANSStN 

.Vi'ANLEv  I..  Hanssen,  m.e.  '16,  is  secre- 
tary-treasurer of  the  Hanson  Scale  com- 
pany, Chicago.  They  make  not  only  the 
brightlv  hued  health  scales,  tinted  to  an\ 
shade,  but  also  make  kitchen,  candy,  diet, 
postal,  nurserv,  dairv,  and  ph\sicians' 
scales. 


Walier  B.  Griffin,  arch.  '99,  is  the 
desiger  of  the  city  of  Canberra,  Aus- 
tralia's new  capital,  the  latest  develop- 
ments of  which  were  discussed  in  En- 
ijineering  Krius-Riuont.  In  1912,  he  won 
the  prize  for  the  best  design  for  the  lay- 
out for  the  city.  The  next  year  he  went 
down  there  to  help  in  the  work,  and  was 
retained  as  a  consultant  until  1920.  Since 
then  he  has  lived  there,  continuing  to 
cnrrv  on   as   an   architect. 


Forrksi  J.  .Arnold,  e.e.  '03,  is  engineer 
ot  equipment  procurement  with  the  Com- 
monwealth Edison  company,  Chicago.  In 
1913  and  '14,  he  was  president  of  the 
Commonwealth  Edison  company  section  of 
the  National  I'lectrical  Light  association, 
and  has  designed  a  number  of  electrical 
power  plants,  besides  inventing  several 
electrical    devices. 


Harold  E.  Thompson,  c.e.  '14,  is  vice- 
president  in  charge  of  engineering  for  the 
Carbide  and  Carbon  corporation.  New 
^■ork   cil\. 


.\IvKON  n.  Downs,  III,  c.e.  '21,  is  en- 
gineer and  secretary  of  the  City  and 
Countv  Planning  commissions,  Cincinnati, 
Ohio. 


John  Arnold,  e.e.  '21,  is  with  the  en- 
gineering department  of  Western  I'nioiL 
New  Vork  citv. 


C.  II.  Snyder,  arch.  '90,  was  the  de- 
signer of  a  concrete  stadium  for  the 
Sacramento,  California,  junior  college 
which  was  described  recently  in  the  £«- 
fliin-i/inff  A'rivs-RtrorJ.  The  cost  will  be 
$6.60  a  seat.  The  stadium  seats  22,000, 
is  U-shaped,  and  the  sides  are  each  324 
feet  long. 

1930  Electrical  Improvements 

(Continual  from  Hai/t  1') ) 
efficiency,  have  been  developed  and  a 
highly  efficient  gcared-turbine  generating 
set.  half  the  weight  of  those  previously 
built,  has  been  perfected  for  marine  and 
other  uses. 

The  hydrogen-filed  synchronous  con- 
densers were  among  the  unusual  accom- 
plishments of  the  year  as  were  the  three 
"instrument  transformers"  by  means  of 
ivhich  great  power  systems  can  meter 
electricity  on  a  colossal  scale,  and  a  light- 
weight, oil-insulated,  water-cooled  trans- 
former, designed  and  constructed  for  a 
specific   location  on   a   steel   truss-work. 

A  new  suspensioin  insulator  lifting  40,- 
000  pounds  perhaps  the  highest  strength 
suspension  insulator  of  normal  tvpe  ever 
made;  the  development  of  a  flexible  gear 
through  which  a  steamship  increased  her 
speed  one  and  one-half  knots  by  the  ad- 
dition of  1,000  horsepower  at  no  increase 
in  fuel  consumption,  and  the  construc- 
tion of  the  first  turbine-electric  river  tow- 
boats  were  other  chapters  in  the  year's 
history. 

Instruments  for  measuring  low  energ\ 
alternerating  current,  the  vacuum  tube 
svnchronizer,  further  progress  of  electric 
ivelding  in  building  construction  and  ele- 
vator refinements  and  improvements  that 
made  new  kinds  of  buldings  possible  were 
important.  Carew  Tower,  Cincinnati,  con- 
tains offices,  a  hotel,  garage,  two  depart- 
ment stores  and  a  score  of  retail  shops, 
and  the  Cathedral  of  Learning  will  house 
all  the  main  activities  of  the  University 
of  Pittsburgh  in  its  40  floors,  all  be- 
cause  of    better    elevator    service. 

Continuing,  the  record  includes  the  ap- 
plication of  the  propeller  principle  to 
water  and  air  pumps;  the  largest  single 
motor  mine  hoist  in  the  Western  Hemi- 
sphere; an  electric  flat  iron  that  does  itv 
work  in  60  percent  of  the  usual  time;  a 
pencil  brander;  high-speed  relays  that  op- 
crate  in  one-sixtieth  of  a  second,  three  to 
ten  times  as  fast  as  has  been  customary; 
metal  enclosed  substations,  either  oil,  gum 
or  air-filled,  and  more  satisfactory  circuit 
breaker  performance  through  the  use  <if 
the   De-ion   (Srid. 

More  and  more  new  practical  uses  and 
applications  are  being  found  for  the  "elec- 
tric eye,"  otherwise,  the  photo-electric 
tube.  Steel  mills  are  using  this  uni(|ue 
device  to  open  and  close  the  ponderous 
covers  over  the  "soaking"  pits,  in  which 
steel  ingots  spend  several  hours  at  2,- 
SOO  degrees  temperature,  before  starting 
through  the  rolls.  The  'eye"  also  adjusts 
the  velvet  curtains  framing  the  varying 
si/cs  of  pictures  on  movie  theater  screens 
and  it  turns  on  hvigc  electric  signs  without 
human    aid. 


Old  Lady  (sniffing) :  "What's  thai 
awful   odor?" 

Farmer:     "That's  fertilizer." 

O.  L.  (astonished):  'For  the  lands 
sake!" 

Farmer:     "Yes,  ma'am." 
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Bonnet  Carre  Spillway 

K'unlinuid  fiuiii  Pa/jc  7) 
is  five  mill's  away  at  tliis  point.     A  maxiiiiimi  ot  2K(),(I0(I 
si'cond-fcft  arc  to  be  spilled  at  the  site. 

The  Hood  control  program  provides  for  a  maximum 
of  3,0()(),0(K)  second-feet  at  the  mouth  of  the  Red  River, 
one-half  of  which  is  to  flow  down  the  Mi.ssissippi  with 
()nl\-  1, 220, (ion  second-feet  Howing  past  New  Orleans. 
The  Honnet  Carro  spillway  is  to  be  used  only  at  times 
when  the  gage  height  at  New  Orleans  reaches  20  feet. 
It  is  estimated  that  the  spillway  need  be  useii  only  about 
once  every  five  years  and  for-  a  period  of  from  one  to 
three  months  during  each  Hood. 

The  spillway  structure  proper  consists  of  a  rein- 
forced concrete  dam  with  a  weir-and  pier-section  7,700 
feet  long.  The  weir  sections  are  20  feet  wide  between 
weirs  and  have  neeilles  at  two  elevations,  namely,  1()  and 
IiS  feet.  This  affords  some  extra  discharge  section  abo\e 
the  prescribed  capacity.  In  this  way  it  is  expected  that 
the  spillway  will  be  sufficient  for  many  years  to  come. 

Two  side  levees  12  to  10  feet  high  and  Ij/  to  2 J/ 
miles  apart  will  conduct  the  discharge  through  a  flood- 
way  to  Lake  Pantchartrain.  In  order  to  start  the  dis- 
charge the  timber  needles,  which  are  one  foot  wide,  will 
be  lifted  from  their  .seats  by  a  travelling  crane  operatijig 
on  a  bridge  which  spans  the  piers. 

The  Fremont  and  Sacramento  spillways  are  similar 
to  the  Honnet  Carre  except  as  to  discharge  and  scouring 
action.  The  latter  has  a  larger  discharge  and  the  ma- 
terials scour  more  easily.  The  erosion  on  the  downstream 
toe  was  lessened  by  reducing  the  velocity  of  the  water. 
The  main  hydraidic  tests  were  directed  toward  the  de- 
velopment of  riprap  and  concrete  mat  protection.  Tests 
were  also  made  on  various  weir  sections  with  free  flow, 
partial  submergence  and  full  submergence. 

Four  crevasses  have  occurred  near  this  site.  This 
fact  necessitated  a  close  examination  of  foundation  condi- 
tions. One  of  the  crevasses  was  a  sand-boil  break  and 
the  last  one  on  the  north  bank  of  the  ri\er  remained  open 
eight  years,  silting  to  a  depth  from  two  to  ten  feet.  Some 
of  the  slit  in  the  discharge  will  be  deposited  in  the  flooil- 
wa\  itself,  but  the  bulk  of  it  will  find  its  way  to  the 
upper  end   ot    L.ike    I'ontchartrain.      With   the  estimated 


r'uii:  of  baffles  uiij  aitii  iitulij   sluhs 

period  ot  oiH-ration  of  the  spdlwax  the  average  rate  of 
silting  for  the  entire  lake  would  be  about  1  32-inch  per 
year. 

At  the  weir  site  there  is  a  deposit  of  good  clay  13  to 
30  feet  in  thickness,  below  which  there  is  a  layer  of  sand 
which  runs  easily  and  through  which  percolating  water 
must  not  be  allowed. 

One  of  the  most  important  purposes  of  tlie  Iaborator\ 


was  to  find  out  means  in  which  to  dissipate  the  energy 
of  the  \\'ater  spilling  over  the  dam.  In  order  to  determine 
the  design  details  of  the  stilling  basin  and  baffle  a  flume 
was  built  to  one-sixth  scale.  Twenty  spillway  openings 
were  represented  in  a  second  flume  built  to  one-twentieth 
■scale.  This  ga\e  an  opportunity  to  compare  similar 
factors. 

Considerable  time  and  effort  was  devoted  to  the  de- 
sign of  stilling  baffles  to  produce  "ground"  and  "sur- 
face" rollers  to  throw  the  water  against  itself.  A  hand 
lever  was  used  to  rai.se  the  rows  of  hinged  baffles  from 
the  bottom  of  the  stilling  pool.  It  was  found  that  two 
rows  of  baffles  three  feet  in  height  reduced  the  velocity 
40  to  SO  per  cent.  It  is  cheaper  to  build  baffles  than  to 
extend  the  riprap.  Profiles  were  drawn  of  the  scour 
produced  in  graded  sand. 

It  was  learned  from  tests  that  for  a  spillway  such  as 
the  Bonnet  Cam'':  the  hydraulic  jump  is  not  effective  in 
dissipating  the  energ\'  below  the  spillway;  that  an  eogee 
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weir  is  not  as  good  as  a  straight  downstream  face,  and 
that  a  straight  wall  at  the  lower  end  of  the  stilling  pool 
has  more  effect  than  a  curved  one. 

The  weir  coefficients  determined  from  models  did  not 
coincide  with  those  obtained  from  available  data.  It  was 
found  that  an  ogee  gives  a  discharge  coefficient  of  3.8  to 
3.07  in  Francis'  Formula  under  free  flow  conditions. 
With  the  determined  constants,  the  flow  would  be  375,- 
000  second-feet  under  free  fall,  280,000  second-feet  with 
two-thirds  submergence  and  the  designed  capacity  with 
full  submergence. 

Scouring  action  was  studied  by  means  of  a  scouring 
channel  with  flaring  to  produce  velocities  from  2  to  14 
feet  per  second.  The  natural  ground  and  the  under- 
lying sandy  clay  were  found  to  have  scouring  velocities 
of  Sjj  feet  per  second  and  2Vj  feet  per  second  re- 
spectively. 

A  proper  depth  of  smooth  flowing  water  is  thought 
to  be  the  best  protection  against  scour.  When  the  gates 
are  first  opened  there  will  be  no  deep  tail  water.  There- 
fore the  initial  flow  \vill  be  limited  to  about  40  second- 
feet  per  lineal  foot.  A  low-placed  apron  with  dentated 
sills,  a  downstream  cutoff  wall,  articulated  concrete  slabs 
over  riprap  and  no  clearing  for  .some  distance  below  the 
structure  are  all  to  present  phy.sical  means  of  preventing 
damage  from  scour. 

In  previous  floods  the  Mississippi  has  hail  an  average 
of  about  700  parts  per  millions  of  silt  b\  weight,  which 
will  mean  a  deposit  of  400.000  tons  in  a  one  ilay  capacit\ 
run  of  the  spillway.  The  methods  of  handling  the  silt 
problem  will  be  worked  out  by  actual  use  after  the  com- 
pletion of  the  project. 
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Tall  Buildings  of  New  York 

(l^oiiluiuid  f VII fit   Pane  ') ) 

The  iK-xt  fourteen  stories  serve  as  a  three-step  transi- 
tional motif.  The  coming  verticality  of  the  tower  is 
indicated  by  the  vertical  lines  of  windows  in  the  stage 
where  piers  of  white  brick  alternate  with  the  lines  of 
windows.  The  spandrels  are  of  aluminum,  neutral  in 
tone  to  merge  with  the  window  openings  above  them. 
The  next  three  stories  are  marked  with  horizontal  band- 
ing that  effectually  separates  the  masses  above  and  below. 
The  next  four  stories  finally  effect  the  transition  from 
base  to  tower.  These  stories  project  only  slightly  beyond 
the  north  and  south  faces  of  the  tower,  and  are  flush 
with  the  east  and  west  walls.  The  four  corners  are 
crowned  with  huge  nickel  chrome  steel  ornaments  in  the 
form  of  winged  helmets  of  Mercur\',  the  design  of  the 
Chrysler  radiator  cap. 

The  treatment  of  the  shaft  is  one  of  the  most  interest- 
ing and  effective  features  of  the  building.  The  vertical 
lines  of  the  tower  are  accentuated  by  the  fenestration, 
and  this  verticality  is  doubly  stressed  by  the  contrast  with 
the  horizontal  banding  at  the  corners  of  the  tower.  This 
banding  is  achie\-ed  through  the  use  of  glazed  black  brick 
courses  above  and  below  the  corner  windows  and  the  use 
of  piers  of  the  same  material  between  the  last  rows  of 
windows. 

The  sixtieth  and  sixty-first  stories  bring  about  the 
transition  from  square  tower  to  pointed  finial.  The  plan 
of  these  two  stories  is  in  the  shape  of  a  Maltese  cross. 
The  eight  upper  corners  are  marked  with  eight  large 
gargoyles  of  nickel  chrome  steel  in  the  form  of  eagles' 
heads.  The  next  six  stories  rise  to  form  dormers  with 
circular  heads,  above  which  mounts  a  tapering  pile  of 
superimposed  arched  dormers,  six  in  all,  which  supports 
the  slender  spindle  towering  toward  the  heavens  above. 

The  lower  four  stories  of  the  base  are  faced  with 
black  granite  trimmed  with  nickel  chore  steel  around  the 
store  fronts.  The  entrances  are  great  deep  portals  run- 
ning up  through  three  stories  and  are  lined  with  the 
same  black  granite.  The  walls  of  the  foyer  are  of  deep 
red  marble,  \ariegated  with  buff  markings.  The  lobby 
floors  are  of  Siena  travertine,  and  all  the  elevator  doors 
and  other  trimmings  are  of  the  same  metal  as  the  exteriot 
trim. 

Whether  or  not  \\e  like  the  Chrysler  building,  its 
unusual  character  and  daiing  design  almost  force  one  to 
admire  it.  If  considered  only  from  the  viewpoint  of  a 
colossal  advertising  enterprise,  we  must  admit  its  achieve- 
ment. William  Van  Alen  has  certainly  fulfilled  his  de- 
sire to  design  a  building  which  shoidd  be  not  only  the 
tallest  in  the  world,  but  also  one  which  through  its  un- 
usual design,  should  cause  widespread  comment  and  dis- 
cussion. It  is  truly  the  realization,  in  stone  and  metal. 
of  an  architect's  dream. 

But  not  long  shall  the  Chrysler  building  wear  the 
wreath  of  attainment  won  as  the  world's  tallest  structure. 
The  Empire  State  building,  now  in  the  process  of  con- 
struction, will  rise  to  a  height  of  1,092  feet,  exclusive  of 
a  mooring  mast.  Thus  does  man  ever  strive  to  surpass 
his  fellows.  Perhaps  we  should  not  deride  this  selfish 
desire,  since  to  it  we  owe  whatever  of  greatness  the 
human  race  has  ever  attained.  To  this,  indeed  we  can 
attribute  the  unriwilled  majest\'  of  the  sk\iine  of  New 
\'()rk. 
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The  University's  Greatest  Smoker 

(Continued  from  Page  JO) 
combustion  chamber  is  shown  in  Fig.  3.  It  is  interest- 
ing to  note  that  the  grates  are  covered  with  a  tarpaulin 
and  work  is  going  with  the  grates  in  place.  It  was 
necessary,  in  order  to  make  room  for  the  raising  of  the 
boilers,  to  remodel  the  entire  roof  and  upper  part  of  the 
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building,  inasmuch  as  expansion  must  be  upawrd  instead 
of  outward.  Eventually  all  eight  boilers  will  be  re- 
modeled. Fig.  4  shows  work  going  on  in  the  remodeling 
of  boilers   I   and  2. 

(Crinlhiiirii  nil  Paijc  27) 
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Senior  Mechanical  Engineering,  Inspection  Trip 


Editor's  Note.  I'lic  t,)llcuvinK'  aiticli-s 
arc  the  M.  E.'s  descriptions  of  ilu-  phmis 
visited  on  their  inspection  trip. 


State  Line  Generating  Company 

The  State  Line  plant  is  located  on  the 
Indiana  side  of  the  Illinois-Indiana  state 
line  on  the  shore  of  Lake  Michigan.  It 
delivers  electricity  to  the  owning  com- 
panies, the  Commonwealth  Edison  and  the 
Northern  IlliEiois  and  Northern  Indiana 
Public  Service  companies  which  supply 
Chicago,  Crawford,  Joliet  and  Milwaukee 
with  electricity. 

The  generating  unit  of  this  plant  is 
the  largest  now  in  operation  in  the  world. 
It  consists  of  one  high  pressure  and  two 
low  pressure  turbines.  Each  is  connected 
in  tandem  with  a  main  alternating  cur- 
rent generator  and  each  of  the  low  pres- 
sure turbines  also  drives  an  auxiliary 
generator.  The  speed  of  all  the  units  is 
1800  r.  p.  m.  The  main  generators  of 
the  low  pressure  turbines  each  have  a 
capacity  of  62000  K.  W.  and  that  of  the 
high  pressure  a  capacity  of  76000  K.  W. 
rhe  high  pressure  turbine  takes  steam  at 
6S0  pounds  pressure  and  730  degrees  V. 
temperature  and  expands  it  down  to  110 
poutids  pressure  and  400  degrees  tempera- 
ture. The  steam  is  then  exhausted  into 
rehcaters  in  which  steam  bled  from  the 
turbine  is  used  to  reheat  the  steam  to  500 
degrees.  Each  low  pressure  turbine  con- 
tains two  sets  of  wheels  arranged  for 
double  flow,  and  each  set  of  wheels  ex- 
pands down  one-half  of  the  steam  and 
exhausts  it  into  two  large  surface  con- 
densers. This  makes  a  total  of  eight  con- 
densers for  the  entire  unit.  The  cooling 
water  for  the  condensers  is  pumped  direct- 
ly from  the  lake  and  is  screened  before 
it  is  allowed  to  pass  through  the  pumps. 
These  pumps  are  of  the  centrifugal  type 
and  are  driven  by  electric  motors  supplied 
with  electricity  by  the  auxiliary  genera- 
tors. Any  one  of  the  above  turbine- 
generators  can  be  taken  from  service  at 
anv  time,  so  that  the  plant  can  be  operated 
at  maximum  efficiency  by  having  the 
turbines  run  at  or  near  full  load. 

Steam  is  supplied  to  the  turbines  by  six 
Babcock  and  Wilcox  boilers  of  the  cross 
drum,  inclined  water  tube  type.  The 
boilers  each  contain  10294  square  feet  of 
heating  surface  and  are  designed  to  de- 
liver 450,000  pounds  of  steam  per  hour  at 
a  pressure  of  800  pounds.  The  plant  can 
be  operated  with  only  four  of  the  boilers 
running.  Each  boiler  is  supplied  with  a 
superheater  which  superheats  the  steam 
252  degrees  F.  Water  tubes  are  built  in 
the  furnace  walls  and  an  economizer  is 
placed  in  the  entrance  of  the  flue  gas  to 
the  stack  to  heat  the  feed  water  for  the 
boilers.  Two  forced  draft  fans  are  used 
for  each  boiler  and  also  two  induced 
draft  fans.  These  fans  are  of  the  turbo- 
vane  type  and  are  driven  by  induction 
motors.  The  air  is  forced  through  tubes 
located  in  the  bottom  of  the  stack,  which 
form  the  air  preheater,  from  whence  it 
passes  to  the  pulverizing  mill  and  thence 
to  the  boiler.  Movable  soot  blowers  keep 
the  air  pre-heater  and  boiler  tubes  free 
from  soot.  The  boilers  burn  powered  coal. 
The  coal  handling  problem  is  handled 
in  a  very  ingenious  manner  at  State  Line. 
The  coal  is  landed  in  the  yards  and 
switched  over  to  the  rail  leading  to  the 
dumping  station  by  locomotives.  The 
duinping  station  is  located  on  somewhat 
of     an     elevation     and     a     special     device 


kiiin\n  as  a  "car  mule"  is  used  lu  pull  llu- 
coal  car  into  the  rotary  car  dumper.  Ilu- 
control  of  the  car  mule,  the  rotary  dumper 
and  the  weighing  is  all  accomplished  in 
one  central  office  in  the  dumping  station. 
The  coal  car  is  securely  held  in  place  in 
the  dumper  by  an  iron  section  which  is 
pressed  against  its  top.  The  coal  car  and 
the  dumper  complete  are  given  a  half  a 
turn  and  the  coal  is  deposited  in  a  pit  at 
the  bottom  of  the  station.  After  the  car 
is  c!npt\  the  dumper  is  returned  to  its 
original  position  and  the  car  removed 
through  the  opposite  side  of  the  station. 
.\  car  can  be  weighed  and  unloaded  ap- 
jir^tximateh  e\"er\'  three  minutes  by  the 
use  of  this  e<|uipment.  The  coal  is  con- 
veyed to  the  top  of  the  breaker  house  by 
means  of  a  continuous  belt  running  over 
rollers.  Here  the  coal  is  given  its  first 
crushing  and  the  different  kinds  are  re- 
duced to  a  uniform  size.  The  breaker 
house  is  located  nearly  one-<|uarter  of  a 
mile  from  the  plant  and  the  coal  is  con- 
veyed to  the  latter  by  the  same  method  as 
above.  The  belt  operates  in  a  wood  hous- 
ing built  on  a  steel  structure  at  an  eleva- 
tion which  is  e<iual  to  that  of  the  coal 
hoppers  in  the  plant.  Two  hoppers  are 
provided  for  each  boiler  and  a  machine 
which  travels  the  full  length  of  the  boiler 
room  transfers  the  coal  from  the  belt  to 
the  hoppers.  After  the  coal  hopper  is 
filled,  it  is  weighed  and  the  coal  allowed 
to  pass  into  the  pulverizing  mills  located 
at  the  base  of  the  boilers.  In  the  mills 
the  coal  is  given  its  final  crushing  before 
passing  to  the  boiler.  The  pre-heated  air 
is  mixed  with  the  powdered  coal  in  the 
mill  and  forced  into  the  front  of  the  boiler 
through  a  pipe.  Part  of  the  ash  result- 
ing from  the  combustion  of  the  coal  drops 
to  the  bottom  of  the  boiler  and  the  re- 
mainder passes  to  the  stack.  The  ash  is 
washed  into  a  pit  beneath  the  boiler  by 
jets  of  water  and  is  carried  from  here,  by 
the  water,  through  concrete  mains  built 
underneath  the  plant,  to  a  building  where 
the  water  is  allowed  to  drain  from  it. 
This  ash  is  removed  from  the  building 
by  a  special  grab  bucket  crane.  The  ash 
which  is  carried  to  the  stack  by  the  flue 
gases  is  removed  by  dust  collectors  located 
on  the  roof  of  the  plant.  The  ash  is 
precipitated  from  the  gas  by  means  ot 
electricity. 

The  company  has  every  necessary  ma- 
chine tool  required  to  repair  any  of  the 
machinery  used.  This  obviates  the  neces- 
sity of  shipping  any  of  the  ei|uipnient 
away    for    repair   work. 

The  power  from  the  generators  is  de- 
livered to  the  transformers  which  are 
located  in  the  vards.  The  voltage  is 
stepped  up  to  33,000,  66,000  or  132,000, 
depending  on  the  distance  it  is  to  he 
transported. 


Inland  Steel  Company 

The  Inland  Steel  company  is  located  in 
Chicago  near  Lake  Michigan.  .A  water- 
way or  canal  coiwiects  the  yards  of  the 
plant  with  the  lake.  Large  ([uantities  of 
steel  are  produced  by  this  company  and 
all  of  the  by-products  resulting  from  the 
manufacture  of  it  are  either  used  or  sold. 

The  ore  and  coal  are  received  by  boat 
and  unloaded  in  the  yards  by  a  grab 
bucket  crane.  The  coal  is  taken  to  a 
crusher  some  distance  away  and  upon  re- 
moval from  it,  is  in  the  form  of  a  powder. 
This  powdered  coal  is  then  forced  through 
a   pipe  to  the  tops  of  the  coke  ovens. 


The  coke  ovens  arc  18  inches  wide,  30 
leet  long  and  about  15  feet  high  and  a 
number  of  them  arc  set  side  by  side.  The 
ovens  are  lined  with  fire  brick  and  the 
ends  are  closed  by  means  of  fire  brick 
lined  steel  doors.  I'he  doors  are  closed 
and  the  powdered  coal  is  run  in  at  the 
top  of  the  oven  until  it  is  completely  filled. 
.After  it  is  filled,  the  temperature  of  the 
oven  is  gradually  raised  and  heat  applied 
to  it  until  all  of  the  volatile  gases  are 
driven  from  the  coal.  Part  of  this  gas  is 
used  to  heat  the  ovens.  Ipon  completion 
of  the  heating,  the  end  doors  are  opened 
and  a  ram  rod  traversing  the  full  length 
of  the  oven,  forces  the  hot  coke  into  a 
waiting  coal  car.  As  soon  as  the  coke 
comes  in  contact  with  the  air,  it  imme- 
diately bursts  into  flame.  The  coke  is 
then  quenched  and  crushed  and  delivered 
to  the  blast  furnaces.  The  coke  ovens 
have  a  total  capacity  of  3600  tons  of  coal 
per  twenty-four  hours.  The  by-products 
from  the  coke  ovens  are  ammonia,  benzol, 
coal  tar  and  heating  gas.  Ammonium 
carbonate  is  made  from  the  ammonia  gas. 
This  is  produced  in  large  vats  which  keep 
the  solutions  in  constant  motion.  The 
precipitate  formed  in  the  vats  (ammonium 
carbonate)  is  automatically  deposited  in  a 
pit  by  a  traveling  chain,  and  a  grab 
bucket  places  it  in  a  store  room. 

The  boilers  are  gas  fired,  using  the  gas 
obtained    from   the   coke   ovens. 

Huge  blowers  of  the  centrifugal  type 
furnish  the  air  required  by  the  blast  and 
open  hearth  furnaces.  The  fans  are  driven 
by  steam  turbines.  They  deliver  45,000 
cubic  feet  of  air  per  minute  at  a  pressure 
of  15  pounds  per  square  inch. 

Limestone,  coke  and  ore  are  introduced 
into  the  blast  furnace  and  the  pre-heated 
air  from  the  blowers  passed  through  the 
mixture.  The  blast  furnace  tapping  holes 
are  located  at  the  floor  level  of  the  build- 
ing. The  molten  iron  is  allowed  to  flow 
in  lined  troughs  made  in  the  floor  into  a 
ladle  located  outside  of  the  building.  This 
ladle  is  mounted  on  a  flat-car  and  is  large 
enough  to  hold  the  entire  charge  from 
one   blast   furnace. 

.\fter  the  blast  furiiace  is  tapped,  the 
ladle  full  of  pig  iron  is  taken  to  the  open 
hearth  furnaces.  The  open  hearth  furnaces 
are  huge  brick  structures.  A  number  of 
these  are  built  side  by  side  a  short  dis- 
tance from  the  blast  furnaces.  They  are 
heated  by  gas  and  pre-heated  air  is  used 
to  oxidize  the  impurities  in  the  iron  placed 
in  them.  When  the  steel  has  the  correct 
composition  it  is  drawn  off  into  a  ladle 
placed  on  the  floor.  A  crane  which  can 
be  moved  the  entire  length  of  the 
furnaces,  picks  up  the  ladle  and  lowers  it 
over  the  ingots.  The  ingots  are  filled  by 
allowing  the  steel  to  flow  out  of  a  hole  in 
the  bottom  of  the  ladle.  After  cooling, 
the  ingot  is  stripped  from  the  steel  and 
the  steel  taken  to  the  rolling  mills. 

Fhe  blocks  of  steel  are  heated  to  a  dull 
red  heat  and  then  forced  onto  the  rolls 
in  the  rolling  mills.  The  rolls  are  mounted 
on  a  steel  structure  about  four  feet  high 
and  250  feet  long  and  serve  to  carry  the 
steel  between  the  rollers.  The  rollers  are 
kept  cool  by  means  of  jets  of  water  forced 
on  their  surfaces.  The  block  of  steel  is 
passed  through  the  rollers  a  number  of 
times,  turned  over,  and  passed  through 
again.  This  process  is  repeated  a  number 
of  times,  and  then  the  steel  is  taken  to  the 
next  set  of  rollers,  where  the  cross  section 
is    still    further     reduced.      This     is     con- 
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BAUSCH 
&  LOMB 

PRECISION 


Optical  Compara- 
tor, precise  to  .00005 
of  an  inch.  One  of 
the  Bausch  &  Lomb 
family  of  precision 
instruments  for 
solving  the  prob- 
lems of  industry. 
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BAUSCH  &  LOMB 
OPTICAL  COMPANY 

^^^H  ^^^H 

FOR  BETTER  VISION  .  » 
ORTHOGON  LENSES 

435   ST.  PAUL   STREET 
ROCHESTER,  NEW  YORK 

Brains  for  Boilers 

A  few  years  ago  when  a  steam  power  plant  underwent 
0  heavy  load  demand,  grimy  firemen  would  work  feverishly 
to  keep  pace  with  the  cry  for  more  steam.  By  their  back 
breoking  labor,  six  men  could  bring  twelve  100  H.  P.  boilers 
from  bank  to  full  load  in  one  hour.  Coal  and  air  were  fed 
to  the  furnaces  with  little  regard  to  combustion  efficiency. 

In  modern  centra  I  stations,  the  conditions  a  re  vastly  different. 
The  huge  pulverized  fuel  fired  boilers  need  practically  no 
human  aid  when  equipped  with  Bailey  Automatic  Control. 
As  the  load  changes,  the  correct  speed  changes  are  made 
on  fans,  fuel  feeders  and  pulverizers.  A  3000  H.  P.  boiler 
can  be  brought  from  minimum  load  to  full  load  in  less  than 
10  minutes  time  when  necessary.  Most  important,  however, 
Bailey  Meter  Control  constantly  maintains  highest  com- 
bustion   efficiency   consistent   with    economical    operation. 

Modern  boilers  can  think — their  brains  are  the  Bailey 
Meter  Control  System. 

"^rWe  for  Bulletin  No.  12 

BAILEY  METER  CO.  ^  Cleveland,  Ohio 
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tinned  until  the  desired  shape  is  obtained. 
The  transfer  of  the  steel  from  one  roller 
to  the  next  is  done  mechanically,  hv  mov- 
ing the  runaivav  structure  for  the  steel 
to   the   next   roller. 

rhc  research  department  of  the  com- 
pany has  a  special  laboratory  in  which 
numerous  experiments  are  conducted  on 
the  strenKth  of  different  kinds  of  steel 
under  various  conditions  of  loadinK- 
Loads  are  applied  to  the  specimens  and 
the  results  are  recorded  by  devices  which 
are   entirely   automatic   in   their  operation. 

Inland  steel  was  very  interesting  to  me 
as  this  is  the  first  plant  of  this  kind  that 
I  have  jjonc  through.  State  Line  (lenerat- 
iiiK  company  and  Iidaiul  Steel  compan> 
show  best  of  the  companies  we  saw,  the 
trend  of  industry  toward  mass  production, 
by  using  c(|uipment  which  is  modern  in 
so   far   as   it    is   possible   to  be. 

— E.  L.   FKlciir. 


Nash  Motor  Company 

I'he  most  interesting,  to  me.  of  all  llic 
places  visited  on  the  inspection  trip  were 
the  Nash  Motor  plant  at  Kenosha  and  the 
International  Harvester  company  tractor 
works  in  Chicago.  These  two  plants  at- 
tracted me  most  because  I  am  interested 
in  the  design  and  the  manufacture  of  this 
type  of  machinery,  internal  combustion 
engines  in  particular,  where  mass  pro- 
duction   is   practiced. 

The  Xash  comparn  uses  straight  line 
production  methods  throughout.  The  en- 
tire car,  with  the  exception  of  the  bodies 
in  the  larger  models  is  made  in  the  plant 
at  Kenosha.  The  engine  block  and  head 
arc  of  cast  iron  and  are  cast  in  their 
foundry.  The  blocks  are  machined  and  the 
c\linders  bored  and  finished  to  si/e  and 
all  the  holes  drilled  and  tapped  in  a  series 
of  machining  operations  which  take  the 
piece  along  step  by  step,  from  one  ma- 
chine to  the  next,  until  the  piece  is  com- 
plete and  ready  for  assembly.  The 
cvlinder  head  is  finished  in  the  same  way. 
The  crank  shaft  is  forged  from  a  piece 
of  steel  and  then  machined.  .After  the 
rough  forging  is  made  the  crank  shaft 
goes  through  a  series  of  machining  opera- 
tions to  bring  it  down  to  approximate 
size.  All  bearing  surfaces  are  turned  at 
a  single  operation  on  an  automatic  lathe. 
.■\ll  drilling  and  threading  operations  are 
then  performed.  The  crank  shaft  is  of  the 
hollow  crank  pin  type  so  these  must  be 
drilled  out  and  tubes  inserted  for  lubrica- 
tion. The  crank  shaft  is  then  put  in  a 
sort  of  a  honing  machine  where  strips  of 
emery  cloth  polish  it  and  bring  all  the 
bearing  surfaces  down  to  correct  size.  It 
is  then  tested  for  static  balance  and  finally 
for  dynamic  balance.  This  last  operation 
is  the  most  exact  aiul  difficult  of  all.  The 
machine  used  is  sort  of  a  cradle  affair 
in  which  the  crank  shaft  is  placed.  One 
end  is  fastened  to  an  electric  motor  and 
the  other  end  of  the  crank  shaft  lies  be- 
tween two  disk  rollers,  insuring  free  rota- 
tion. When  the  motor  is  started,  causing 
the  crank  shaft  to  rotate,  any  off-balance 
will  cause  a  vibration  which  will  tend  to 
rock  the  cradle  on  which  the  piece  is  rest- 
ing. This  rocking  motion  is  transmitted 
by  means  of  a  string  to  a  mechanism 
which  magnifies  the  motion  and  records 
it  on  a  moving  dial.  Each  crank  shaft 
must  be  balanced  so  that  the  dial  move- 
ment does  not  exceed  a  certain  limit.  They 
are  then    ready   for   assembly. 

The  pistons  and  connecting  rods  are 
manufactured  by  another  company  and 
are  made  from  aluminum  by  die  casting. 
The  pistons  are  machined  to  size  and  the 
piston    ring    grooves    are    cut.      The    con- 


necting rods  arc  first  drilled  out  rough 
and  then  finished  with  a  diamond  drill 
to  give  a  smooth  bearing  surface.  They 
are  then  drilled  and  the  bearing  caps  cut 
off.  Each  piston  and  coniiecting  rod  is 
weighed  (wi  a  delicate  chemical  balance 
aTuI  must  be  within  certain  limits. 

I'he  engine  is  assembled  by  the  pro- 
gressive assembly  method.  After  assembly 
it  is  taken  to  the  testing  room  where  it  is 
connected  to  another  engine  which  turns 
it  over  long  enough  to  wear  it  in  slightly 
and  then  it  is  connected  to  a  gasoline 
supply  and  run  for  a  certain  length  of 
time,  sufficient  to  ascertain  that  it  is  up  to 
standard. 

The  gears  in  the  differential  are  of  the 
hypiod  type  and  are  made  on  an  auto- 
matic gear  machine.  The  action  of  these 
machines  is  very  complicated,  the  gears 
and  the  cutting  tool  both  moving  in  such 
a  wav  to  produce  a  rolling  motion,  thus 
giving  the  teeth  their  spiral   shape. 

The  bodies  are  made  of  wood  and  sheet 
metal.  Wry  little  wood  is  used;  just 
enough  for  the  framework.  The  sheet 
metal  pieces  are  cut  and  pressed  out  by 
large  presses  and  the  body  is  then  as- 
sembled and  painted,  this  being  done, 
also,   by  the   progressive   method. 

The  car,  as  a  whole,  is  assembled  on 
a  continuous  chain.  First  the  chassis 
frame  is  placed  on  the  conveyor  and  the 
motor,  fan,  transmission,  drive  shaft,  dif- 
ferential, gas  tank,  tubing,  brake  me- 
chanism, steering  apparatus,  and  radiator 
are  put  on  as  the  chassis  moves  along 
from  man  to  man  The  entire  chassis  is 
then  picked  up  by  a  crane  and  placed  on 
another  continuous  chain  run  in  the  op- 
posite direction  and  the  body  and  all  the 
remaining  parts  are  put  on.  The  car  is 
then  painted  and  run  through  a  drying 
tunnel  and  when  it  comes  out  of  the 
tunnel  it  is  filled  with  gas  and  oil  and  is 
run  off  of  the  chain  under  its  own  power. 
It  is  then  given  a  final  inspection  and  is 
ready  for  delivery. 

The  entire  process  just  described  moves 
forward  from  one  step  to  another  in 
logical  se<|uencc  with  a  minimum  of  con- 
fusion and  lost  time.  Each  man  has  his 
part  to  do  and  it  is  remarkable  how  fast 
the  evolution  of  the  finished  product  pro- 
ceeds. 


International  Harvester  Co. 

Ihe  International  Harvester  works  uses 
much  the  same  system  as  that  used  b\ 
the  Nash  Motor  company,  in  manufactur- 
ing their  tractors. 

The  cylinder  blocks,  cylinder  heads, 
crank  cases  and  the  pistons  as  well  as 
many  other  parts  are  cast  in  the  foundr\. 
The  foundry  is  equipped  with  three 
cupolas  and  the  iron  is  conveved  to  the 
desired  spot  by  means  of  overhead  trol- 
leys from  which  the  ladles  are  hung. 
Most  of  the  molds  are  made  by  means  of 
machines  from  metal  patterns  and  in  the 
case  of  the  smaller  pieces,  a  great  man> 
castings  are  made  in  a  single  mold.  The 
engines  in  this  tractor  are  equipped  with 
removable  cylinder  liners  and  these  are 
made  of   cast   iron. 

A  great  nuinber  of  the  parts  that  go  to 
make  up  the  tractor  are  forgings  and  the 
forge  shop  is  one  of  the  most  interesting 
parts  of  the  plant.  The  stock  for  most 
of  the  forgings  is  cut  from  bars.  Enormous 
shears  arc  used  to  cut  this  stock,  some  of 
them  being  capable  of  cutting  steel  up  to 
five  inches  in  diameter.  The  forgings  of 
the  crank  shaft  is  perhaps  the  most  in- 
teresting of  all.  The  bars  to  be  used  are 
placed  in  a  large  furnace  and  are  heated 
slowly    to    a    uniform   temperature.        The 


furnace  is  automatically  controlled  so 
that  each  piece  receives  the  proper  heat 
treatment.  When  the  bar  is  ready  for 
forging  the  furnace  is  opened  and  a  man 
reaches  in  with  a  pair  of  tongs  and  with- 
draws the  bar.  The  tongs  are  suspended 
by  a  chain  from  an  overhead  arm  and 
this  enables  the  hot  bar  to  be  swung  over 
to  the  man  at  the  hammer.  This  man  then 
takes  the  piece  and  by  placing  it  into  the 
proper  positions  on  the  die,  allows  the 
liammer  to  strike  it,  thus  forging  it  into 
shape.  The  large  hammers  are  steam 
operated  and  can  strike  a  blo\v  of  from 
five  to  six  tons. 

In  the  machine  shops  the  rough  parts 
are  turned  and  finished  to  size.  In  the 
case  of  the  pistons,  the  removable  liners, 
and  the  piston  rods,  a  great  deal  of  the 
machining  is  done  on  automatic  or  semi- 
automatic machines,  as  high  as  four  or  six 
pieces  being  finished  at  one  time.  The 
crank  shaft  is  machined  in  a  progressive 
method,  one  man  doing  a  certain  opera- 
tion and  passing  it  along  to  the  next.  Each 
hearing  surface  is  machined,  ground  and 
polished  separately.  The  crank  shafts  are 
balanced  and  the  pistons  and  connecting 
rods  are  Weighed  in  much  the  same  man- 
ner  as  described   for  the   Nash   plant. 

The  engine  is  assembled  by  the  pro- 
gressive method  and  is  thoroughly  tested 
before    being    installed. 

The  wheels  for  the  tractor  are  made 
b\  welding  and  riveting.  The  rim  is 
cut  from  a  piece  of  sheet  steel  and  is 
rolled  into  shape  and  the  seam  welded. 
The  spokes  and  the  hubs  are  then  riveted 
into   place. 

.Another  interesting  feature  is  the  ma- 
chining of  the  large  main  frame  casting. 
This  is  done  on  a  large  milling  machine. 
The  machine  will  carry  four  castings  and 
machines  two  of  them  while  two  more  of 
them  are  being  set  in  place.  The  drilling 
and  tapping  is  all  done  by  a  single 
machine.  The  casting  is  put  in  place  and 
all  the  holes  are  drilled  simultaneousl\ 
bv  a  multiple  drill  press.  The  casting  is 
then  moved  forward  and  another  gang  of 
tools   taps    all    the    holes   at   once. 

The  tractor  is  assembled  on  a  continu- 
ous chain,  which  moves  the  work  from 
one  man  to  the  next.  After  the  finished 
tractor  has  been  spray  painted  and  has 
passed  through  the  drying  tunnel  it  is 
filled  with  gas,  oil  and  water  and  run 
from  the  chain  on  its  own  power.  It  is 
then  inspected  and  given  a  final  stationary 
test. 

One  thing  ivorthy  of  mention  about 
these  two  plants,  as  well  as  the  others 
visited  is  their  method  of  handling  ma- 
terials. This  is  accomplished  by  means 
of  overhead  cranes  and  air  and  steam 
hoists.  .All  passage  ways  are  kept  clear 
and  the  material  moves  from  place  to 
place  in  its  journey  through  the  plants, 
with  as  little  handling  as  possible. 

— J.  Waldo  Seiple. 


.And  then  there  was  the  Scotch  lad  who 
asked  for  ice  cream  on  a  hot  day,  and 
his  father  told  him  ghost  stories  to  make 
his  blood   run  cold. 


"Prisoner,  if  you  didn't  steal  the  $3,000 
— where  did  you  get  it?" 

"Yer  honor,  I  saved  it  from  buying 
Listerinc   tooth    paste."  — Sour   Oivl. 


Joe:     "What  killed  that  aviator?" 
Jim:     ".A   severe   sinking  spell." 
—John  Hopkins  Black  and  Blur  Jay. 
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The  LIniversity's  Greatest  Smoker 

(Continued  from   Pai/r   23) 

Wc  have  started  at  the  top  of  the  stack,  liave  come 
down  to  its  base,  then  out  around  the  University  and 
back  to  the  plant  again.  We  have  still  to  climb  to  the 
top  of  the  1931  stack  again  to  get  back  to  where  we 
started.  The  foundation  of  the  stack  is  a  block  of  con- 
crete four  feet  thick,  and  thirty-three  feet  square.  The 
stack  itself  is  fifteen  feet  inside  diameter  at  the  bottom 
and  thirteen  feet  at  the  top.  Its  walls  are  twenty-four 
inches  thick  at  the  bottom  and  eight  and  one-half  inches 
at  the  top,  and  are  lined  with  fire  brick  for  a  distance  of 
fifty  feet  above  the  breech. 

A  special  radial  brick  was  used.  Specifications  re- 
quired this  brick  to  test  5.0()U  povmds  per  square  inch  in 
compression,  and  because  of  this  specification  and  rigid 
inspections  great  many  bricks  were  thrown  out.  The 
chimney  was  constructed  in  twenty-one  working  days 
or  approximately  eight  feet  per  day.  The  entire  remodel- 
ing project  started  at  the  begimuiig  of  last  June  and  is 
now  complete. 

Many  people  have  inquired  a,s  to  the  diiierence  in 
height  of  the  old  and  new  stacks.  The  truth  of  the 
matter  is  there  is  no  difference.  The  public  has  been 
fooled  again  by  our  old  friend,  optical  illusion. 

With  this  bit  of  information,  I  hope  I  have  satisfied 
the  curiosity  mentioned  above  and  ma\be  I  have  com- 
pleted a  feat  as  great  as  that  of  Chicago's  "daylight 
saving  time  "  for  I  have  saved  five  hundred  engineers  one 
hour  each,  the  time  it  took  me  to  get  the  information 
necessary  for  this  article. 


POWER,  ELECTRICAL  AND   INDUSTRIAL  MACHINERY 


Achievements 

Allis-Chalmers  has  an  unparalleled  record  in  the 
introduction  of  new  processes,  the  development  of 
new  machines,  the  establishment  of  world's  records 
for  size  or  capacity  of  machinery,  for  Its  economy 
or  for  efficiency  of  operation. 

The  fact  that  these  achievements  are  not  confined 
to  a  single  line  of  product  or  a  single  industry,  but 
to  a  great  variety  of  equipment  reach- 
ing In  some  form,  almost  every  In- 
dustry makes  the  records  still  more 
outstanding. 

Products  of  Allis-Chalmers 

Power  Equipment,  Steam  and  Hydraul  ic  Turbines,  Steam, 
Gas  and  Oil  Engines,  Condensers, Centrifuga  1  Pumps, 
Pumping    Engines  —  Electrical  Machinery,  Motors, 
Generators,   Transformers,  Switchgear  —  Mining 
and  Metallurgical  Machinery:  Steam  and  Elec- 
trical  Hoists,  Timber  Preserving  Machinery, 
Crushing    and    Cement   Machinery;  Flour 
and  Saw  Mil  IMachinery.Texrope  Drives; 
Farm,   Industrial  and  Crawler  Tractors; 
Agricultural  Machinery. 


/1LLIS-CH/1LMERS  MANUFACTURINGfO. 

1  MIU\^AUKEe,   WIS.    U.S.A.  >• 


Pouring  Bronze 

.  .  .  .  for  flaivless  castings 

SCIENTIFIC  FOUNDRY  practice  bul- 
warks Jenkins  Valves  against  the  blows 
of  hard  service.  Metal  is  poured  at  the 
proper  temperature  to  assure  castings 
free  from  imperfections  .  .  .  Jenkins 
Valves  are  manufactured  throughout  to 
provide  long-term  performance  char- 
acterized by  definitely  low  upkeep. 
Send  for  a  booklet  descriptive  of  Jenkins 
Valves  for  any  type  of  building  in  which 
you  may  be  interested.  Jenkins  Bros., 
80  White  St.,  New  York ...  5 24  Atlantic 
Ave.,  Boston  ...  1 33  North  7th St.,  Phila. 
.  .  .  646  Washington  Blvd.,  Chicago 
...  1121  No.  San  Jacinto,  Houston... 
Jenkins  Bros.,  Ltd.,  Montreal . . .  London. 


TOURING  JENKISS   VALVE 
BRONZE  INTO  THE  MOLDS 
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Cable  Research  at  the  University 

I CnnlinuiJ  from   I'aijr  12} 

noiiHMia  \\  hiili  is  cxci'fdiii^K'  small  in  loiiipariso]!  to  the 
ilianfjmii  curicnt. 

Tlu'  (li-i-lcitric  (.'onstants  ot  the  insulation  arc 
changed  by  ionization.  The  oil  (iisintcgratcs,  changing 
its  chemical  properties  and  making  the  insulation  a  semi- 
conductor. Ihe  effect  of  ionization  on  the  di-electric 
constants  and  the  change  in  chemical  properties  of  the 
constiuent  parts  of  the  cable  is  being  studied  e\tensi\ely 
at  Johns  Hopkins  I  iiiversity.  A  report  on  the  progress 
of  their  quantitati\e  iiuestigations  was  recently  published 
in  the  A]  KK  journal. 

l'reliminar\'  experiments  were  made  on  the  phenomena 
of  \ibrati()n  of  the  portions  of  the  cable  sheath  beneath 
which  intense  ionization  discharge  was  taking  place  with- 
in the  insulation.  The  stethoscope  devices  were  used  to 
determine  whether  or  not  the  detection  of  such  vibra- 
tion by  this  means  could  be  made  very  sensitive.  It  was 
found  that  the  electric  medical  stethoscope  developed  by 
the  Western  Electric  company  and  incorporating  a  con- 
tact microphone  was  not  satisfactory  as  it  was  designed 
to  function  in  lower  frequency  ranges  such  as  are  ob- 
tained in  the  fundamental  heart's  beats  and  accompany- 
ing murmurs.  It  was  very  soon  realized  that  the  fre- 
quencies of  the  noises  that  may  be  heard  on  the  cable 
sheaths  are  very  much  higher  than  this  stethoscope  was 
able  to  detect.  A  sensitive  listening  stick  consisting  of  a 
seasoned  mahogany  stick,  operating  the  diaphragm  of  a 
telephone  receiver  was  more  sensitive,  but  no  definite  cor- 
relation was  found  between  such  observations  and  the 
ileterioration  in  the  cable. 

The  correlation  between  ionization  and  the  change 
of  conductivity  of  the  cable  di-lectric  has  not  been  quanti- 
tatively investigated  in  this  research.  However,  extensive 
investigation  has  been  done  in  detecting  ionization  by  the 
electric  impulses  it  produces  in  the  cable. 

A  mmiber  of  arrangements  were  developed  in  an  at- 
tempt to  detect  and  measure  ionization  by  means  of  the 
electric  pulses  or  surges  which  ionization  produces.  They 
are  all  based  on  the  idea  of  changes  which  take  place  in 
the  properties  of  insulating  materials  when  subjected  to 
electric  potentials.  Whatever  the  nature  of  these  changes 
may  be,  chemical  or  physical,  they  produce  variations  in 
the  di-electric  constant  and  in  conductivity  of  the  insulat- 
ing material.  The  principle  of  the  method  of  detecting 
ionizat[on  consists  in  utilizing  these  variations  of  di- 
electric properties  which  modify  the  charging  current. 

When  a  poorly  impregnated  conden.ser  containing 
voids  and  gas  pockets  is  subjected  to  a  high  potential 
from  a  d.  c.  or  a.  c.  source,  the  gas  bubbles  will  ionize 
and  electrically  break  down,  disappearing  from  the  sys- 
tem as  pure  di-electrics  and  reappearing  instead  as  semi- 
conductive  di-lectrics.  The  direct  consequence  of  such  a 
sudden  change  and  of  the  accompanying  variations  in  the 
capacity  and  the  conductivity  of  the  condenser  will  be  a 
redistribution  of  electric  forces.  The  resulting  ripples  of 
current  which  we  name  pulses,  surges  or  damped  oscilla- 
tions, are  of  so  small  a  magnitude  that  the\  cannot  be 
measured  directly  without  auxiliary  arrangements.  In 
order  to  select  particular  forms  and  to  magnif\'  the  action 
of  these  ripples,  amplifiers,  beat  oscillators,  detectors  or 
rectifiers  including  much  additional  apparatus  such  as 
tuned  circuits  or  filters  and  other  devices  profusely  used 
in  radio  engineering  were  applied. 

If  the  condenser  is  replaced  by  a  long  cable,  addi- 
tional phenomena  arise  in  connection  with  the  ripples. 
The  time  necessary  for  an  impulse  to  travel  along  to  be 


rellected  from  the  ends  of  the  cable  has  to  be  consideied. 
rile  value  ol  resistance  of  the  circuits  at  the  terminals 
of  the  cable  becomes  important.  A  ripple  originating  at 
.iny  place  in  the  cable  may  be  propagated  towards  both 
c.ible  ends  in  form  of  a  single  traveling  wave.  This  wave 
ma\  be  absorbed  entirely  by  the  resistance,  or  at  small 
values  of  resistance  reflections  may  take  place  and  then 
e\ery  ripple  will  gi\e  rise  to  a  series  of  traveling  waves 
which  ultimateh'  form  a  more  or  less  pronounced  stand- 
nig  wa\e. 

Such  st;u)ding  waves  ma\'  be  utilized  tor  the  purpose 
of  locating  the  position  of  a  source  of  ionization,  while 
the  other  forms  of  waves  may  be  used  for  the  detection 
and  measurement  of  ionization,  wherever  the  soLirce  may 
happen  to  act. 

In  designing  apparatus  for  the  lattei'  purpose,  the 
problem  ot  separating  the  miiuite  ripples  from  the  main 
charging  current  in  a  cable  had  to  be  considered. 

Two  types  of  apparatus  were  developed  to  accomplish 
this  result.  In  the  one  type  the  main  charging  current  is 
eliminated  by  using  high  frequency  transformation.  Tune- 
able damped  oscillations  are  thus  obtained  which  are 
amplified  and  measured  by  radio  methods.  In  the  other 
.1  discharge  detection  bridge  arrangement  containing  ad- 
justable resistances  and  condensers  is  used  to  balance  out 
the  charging  current.  Audio  frequencies  are  then  selected, 
amplified  and  measured  by  radio  methods.  This  dis- 
charge detection  bridge  has  been  used  for  the  past  year 
and  a  half  in  testing  cables  at  the  northwest  high  voltage 
laboratory  of  the  Commonwealth  Edison  company  in  Chi- 
cago. This  bridge  apparatus  is  capable  of  detecting  and 
measuring  the  composite  intensity  of  ionization  discharges 
in  a  cable  even  though  discharges  or  heavy  corona  exists 
on  the  supply  leads  or  in  the  windings  of  the  testing 
transformer. 

A  correlation  of  results  obtained  in  testing  a  numbei' 
of  cables  seems  to  show  that  the  amount  of  ionization  has 
no  definite  relation  to  the  qualitx'  or  length  of  life  ol 
cable.  .'\s  an  example  some  cables  tested  showed  a  very 
small  amount  of  ionization  which  did  not  vary  with 
change  in  temperature,  but  suddenly  the  cable  broke 
do«'n  after  comparatively  few  hours  testing.  In  other 
cables  the  ionization  varied  considerabh'  with  variation 
in  temperature  but  the  cables  lasted  much  longer. 

This  phenomena  has  not  as  yet  been  explained,  but 
ob.servations  have  led  the  investigators  to  believe  that 
there  is  a  definite  relation  between  the  degree  of  nn- 
prgnation  and  the  indications  of  the  ionization  testing 
apparatus.  It  is  the  main  object  of  the  present  work  to 
find  a  firm  basis  for  such  correlations  for  the  purpose  of 
grading  the  qualities  of  cables. 


The  Development  of  the  Scientific 
-Attitude 

iCtintinuid   from    Piu/r   11) 

four  statements  mereh  because  the\-  seemed  reasonable 
to  him.  Then,  purely  by  deduction  from  these  assumed 
principles,  he  developed  a  theory  of  how  the  universe 
should  act.  Lastly,  by  experiment,  he  tried  to  determine 
whether  or  not  the  actual  uruverse  was  well  behaved. 
Hut  at  no  point  in  the  development  of  the  theory  did  ex- 
periment enter  at  all. 

There  are,  then,  three  related  assumptions  which 
toini  the  \ery  basis  of  our  present  scientific  attitude. 
They  are  (  1  )  nature  is  orderly,  (2)  nature  is  consistent, 
;uul  (?i)  nature  is  simple.  Whether  these  be  true  or  not, 
who  can  say?  Hur,  ;ir  Ic.ist.  our  Age  of  Science  iiri)\es 
them  useful. 


Mar.h.   I'>M 
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Tlie  ears  tliat  collided 
on  piirposie- 

tov  a  luhoratorif  tfist! 

Crash!    A   flat    oar    l<>a<lf<l    willi   reols    of  <'altl«"    slams    into    a  standing 
freiwlit   train.    A    movie    camera    jjrinds    away.    Watohing  intently  is  a 

Slow  movies  of  I  Iw       j,,.,,,,.,  ,,f  ,„en  —  Western  Eleeliic  engineers   .  .  .  \^'liat  did  such  a  test 

test  cauglil  uhiil        ''         '  '^ 

|1  KllK1-'|;  ',fe|d  ' 


test  caiigh 
no  eye  could. 


show?   Just  tins  —  that   the   new   sleel  reel   (or  t<-le|ilione  eahle   does  n<»t 

hreak  under  sevei-e  im|>aels  —  and  the  ohi  six  U'  reel  may  .  .  .  Tlie  stag- 

Changing  a  fdiiiit- 

.  ,  f,    „--  ,,,  .    .          inr    scene     Steel 

ing  of  this   collision  is  just  one  more  evidence    ol    «  er-tern    Klectrie  s      reels replaceicood. 

nexer-ending    «|iiesl    foi-   cerlainlv    ...    !t   is    a    pari,    too,   of  a   policy 


of  gixing  new  ideas  a  thoi-ongh  trial — a  poliev  which  enables  Western 

Aluiivs  nlien  tn 
new  „l,;,s  a,ul 
heller  nieiliotU.  Klectrie   to  meet   ils  ex cr   growing    res|)onsil>ilities   in  the   Bell   System. 


Western  Electric 

M^anujactiirers  .  Vurckasers     ^distributors 

S  1  ^  C  t:     18  8  2     F  O  li     C^Ji        I   1 1  1,     U  L  I.  1.    s  i  b  1  t  M 


.^0 


in:  rKc'iiNocRAi'ii 


M/ir<ll.    I^'M 


Plujtdgraphcr  iwhilr  aiijustiiin  his 
camera):  "My  dear  mailame — Why  are 
voii  ticiiiR  that  clothesline  armiiul  your 
skirts?  I  can't  take  \oiir  picture  that 
way." 

Subject:  "Voii  can't  fool  me  young 
man ! — I  know  that  you  can  see  me  up- 
side  down   in   that  camera!" 


Farmer:  "What     would     >ou     sufigest 

feeding  to  mv  chickens  lo  make  them 
lay?" 

Chemist:  "Cvanide." 


■drink:    CANADA     DRV"     screamed 
the  bill-board. 

"hnA  how,"   drifted   hack   from   a   north 
bound    flivver. 


■•.\  little  bird  told  me  what  kind  of  a 
lawyer  your   father  was." 

"What  did  he  say?" 

"Cheep!    Cheep!" 

"Well  a  duck  told  me  what  kind  of  a 
doctor   vour   father  was!" 


tod  a 


■Didn't      vou    go      to      the      osteopath'; 

lay?" 

•No   I   was  kneaded   at   home." — Lijc. 


A  centenarian  died  the  other  day  after 
seeing  an  auto  for  the  first  time.  Evident- 
ly he  didn't  see  it  soon  enough.     — Life. 


Prof.  One:  ".Are  you  writing  another 
class  book  so  soon?" 

Prof.  Two:  "Ves.  You  see  the  taxes 
are  due  this  month." — Minii.  Ski-l'-Ma/i. 


RAII,   R.AH,   RAH 

lourist    (in    Vellowstone  Park): 
-Those    Indians    sure    do    have    a    blood 

curdling  yell." 

Ouide:      '■^es,    everyone    of    them    is    a 

college   graduate." 

— lioslon  Mniiii.u  ri/'l. 


■Sav,   dat   guy  busted   de  crvstal   of   n 
watch.     What  should  I  do  to  him?" 
■Go   ahead,  give   him   de   woiks." 

— Tcxiis  l.oniilitini. 


Voice  over  the  telephone:  "Are  you  the 
plumber?  Well,  come  over  quick.  There's 
a  pipe  clogged  up." 

Plumber:     "What's  the  address?  " 
V.  O.  T.:     "Municipal   Miniature   Coif 
Links."  — lirov-n  Jug. 


•■They    stopped    a    six    day    bike    race    : 
New  York  the  other  dav." 
••Why?" 
'•Peddling  without   a   license. " 

— Hroivii  Jug. 


\\'li\  is  i(  we  always  hear  about  the 
girl  who  \valked  home  and  never  a  word 
about  the  one   who  rode  home? 

The  skin  on  the  face  of  a  prett\  girl 
is  made  up  of  13  chemicals.  John  H. 
Foulger,  well-known  chemist,  medical  col- 
lege, I'liiversity  of  Cincinnati,  says  100 
grams  of  skin  contain:  water,  61  grams; 
albumin  and  globulin,  0.7  grams;  mucoid 
0.15,  grams;  elastin,  0.34  grams;  collagen, 
33.2  grams;  phosphates,  0.032  grams;  fats, 
0.761  grams;  common  salt,  0.45  grams; 
potassium  chloride,  0.04  grams;  lime, 
0.01  ;  also  minute  (|uantities  of  magnesium 
oxide,  iron  oxide,  aluminum  oxide,  and 
sulfur. 

Therefore  it  can  be  said: 
The   skin   you   love   so   much   to   touch, 
Now  savants  tell  us,  isn't  much — 
Take   thirteen  chemicals   and  mix, 
And   skin   jumps  from  that  bag  of  tricks. 

In   epidermis  of  sweet   lass. 
Potassium   and  chlorine  gas 
Inite   with   common   iron    rust. 
Our  fairy  is  not  even  dust — 

.And  when  you  kiss  and  say  "Yum,  'S'nm," 

\'nu   osculate  magnesium. 

Her  cuticle   has  lime  and   salt — 

Now — will  your  fondling  ardor  halt? 

Hell's  phosphorous  and  sulphur,  too 
Comes   into   play   when   lovers   woo; 
Commingle   in   the   velvet   skin 
With  mucoid   and   with   globulin. 

Aluminum   in    pan   and    pot 
Doth   never  cost   a   man   a   lot: 
Much   dearer   .A1,0, 
111  ever\    maidens  cheek  you  see. 

There's   KCl    and    1  LO— 

How   strange  that  men   admire   it  so. 

The   formulae   \ou   love  so  \vell 
lias  CaO,   NaCl. 

And  since  the  awful  truth  is  out — 
lair   skins   no   more   than   sauerkraut — 
Will  gallant  lovers  now   all  beat 
From  cooling  trysts  a  cold  retreat? 

Not  much!    Dame  Nature  put  in  skin 
A  chemical  named  Collagen  ! 
lis    still    small    voice    doth    lure    all    men— 
Depend  on  it,  they'll  call  again. 

— Siii'nlifif    .  I  mil  it  an. 


•■^■oung  man,  wh>  do  I  find  you  kissing 
my   daughter?" 

"Because  you  are  wearing  rubber  heels, 

sir,"  Cn-operalive  Engineer. 


I'he   codfish    la>s    a    million    eggs, 
.And  the  helpful  hen  but  one, 
But  the  codfish  doesn't  cakle. 
To  tell  us  what  she's  done; 
And  so  we  scorn  the  codfish  coy, 
And  the  helpful  hen  we  prize. 
Which   indicates  to  you   and   me. 
That   it   pays  to   advertise. 

— Co-operative  Enginer 


,A  foreigner  asked:  "What  is  a 
sleeper?"  He  was  naturally  bewildered 
by  the   following   reply: 

'•A  sleeper  is  one  who  sleeps.  A  sleeper 
is  the  name  of  a  carriage  on  the  railway 
in  which  a  sleeper  sleeps.  A  sleeper  is 
the  name  of  a  block  of  wood  that  holds 
the  rails  on  which  the  sleeper  runs  while 
the  sleeper  sleeps.  Therefore,  while  the 
sleeper  sleeps  in  the  sleeper  th  sleeper 
carries  the  sleeper  over  the  sleeper  under 
the  sleeper  until  the  sleeper  which  carries 
the  sleeper  jumps  the  sleeper  and  wakes 
the  sleeper  in  the  sleeper  by  striking  the 
sleeper  under  the  sleeper  and  there  is  no 
longer  any  sleep  for  the  sleeper  who  was 
sleeping  in  the  sleeper  on  the  sleeper. 
— Co-operalive  Engineer. 


R.    O.    T.    C.    Officer    (to    new    students 

after  giving  out  rifles  to  the  class)  :  "Now 

I  hope  I  haven't  missed  any  one.  All  those 

without  arms  please  hold  up  your  hands." 

— Co-operative  Engineer. 


an      epoch 


Salesman:     '•This,     sir 
making  concrete  mixer." 

(\istomer:    "Let's  see  it  make  an  epoch.' 


TO  OUR  JOE 
Come  on   in  and  take  a  seat, 
If  vou've  some  dough,  no  doubt  you'll  eat. 
But  if  you're  broke  you'll  sit  and  loaf, 
.And  talk  lo  all  the  girls,  you  oaf. 

^du  put  your  feet  upon  the  chairs, 
.And   give   the   waitresses  all   gra\    hairs. 
You  never  spend  a  dime,  you  bloke. 
It's  a   wonder  Hanlev    don't  go  liroke. 

Vou  never  go  to  school  at  all, 
Vou  only  come  in  here  lo  loll. 
I  don't  iielieve  yini  e\  er  think. 
Cause    il    wcnild    put    \(ni   on   the   blink. 

If  you  can  bum  a  ride  you  will, 

Vou  stick  your  fingers  in  the  till. 

If   you    weren't   here   we'd    all    have   seats 

When   we  come  in  to  get  our  eats. 

— Frank   Suiil/i. 


It's  the  little  things  in  life  that  hurt. 
Vou  can  sit  on  a  mountain  but  not  on  a 
tack.  — Co-operative  Engineer. 
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Dv.XAMlTJb:   clears^   the   "way  for  nio«leru   engineering   wonders ! 


I  THE 
EMPIRE  STATE 
BlJILDINCi  •  .  . 

How  DYNAMITE  was  used  in 
the  construction  of  the  world^s 
tallest  building 


ANEW  giant  skyscraper  now  looks  down  on 
New  York's  magnificent  skyline.  It  is  the 
Empire  State  Building  .  .  .  and  its  topmost  peak 
towers  1248  feet  above  the  earth! 

It  is  the  newest  engineering  marvel.  Architects, 
engineers,  steel  workers,  riveters  shared  in  its 
making.  But  one  mighty  ally  .  .  .  DYNAMITE 
,  .  .  was  first  on  the  scene  to  do  its  powerful  bit. 

Working  efficiently,  quickly.  Dynamite  blasted 
out  solid  rock  so  that  the  great  foundation,  75  feet 
beloiv  the  earth,  might  be  placed.  Thirteen  thousand 
pounds  of  du  Pont  Dynamite  was  used  on  the  job. 

Skyscrapers  . . .  tunnels  .  .  .  bridges  .  .  .  highways 
.  .  .  dams  .  .  .  reservoirs  .  .  .  these  and  numerous 
other  engineering  wonders  are  made  possible 
through  the  aid  of  Dynamite. 

If  you  would  like  to  learn  more  about  explosives 
and  how  to  use  them  ...  if  you  want  to  learn 
today  for  tomorrow's  jobs  .  .  .  simply  write  direct 
to  the  du  Pont  Company  for  full  information. 

You  will  receive  a  copy  of  The  Blasters''  Handbook, 
which  contains  a  great  deal  of  the  vast  knowledge 
of  the  explosives  gained  by  the  du  Pont  Company 
in  129  years  of  making  and  testing  explosives. 
This  book  is  used  in  the  classrooms  and  libraries 


of  leading  technical   institutions, 
free.    Write  for  it. 


Y 


our  copy   is 


EXPLOSIVES 
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#*^    MASTED  PAVED 


iv 


ves 


Q  more 

\ards  per  Hour 
Hours  per  Year 
Y^ars  per  Life  oF 
Paver  -     -      - 


27-E  Moster  Pc 


You've  heard  us  say  this  before  about  the  Ransome  Master 
owned  by  Basich  Bros.  Construction  Co. 

-  ,^    -        ,       ^     .u     B-.  ,u«  -  u  „!,         Paver.  But  think  just  what  those  words  actually  mean  to  you. 
of  Los  Angeles,  on   the   Doysnore  nigh-  '  '  ' 

way  between  South  San  Francisco   and 

...  ,  ,.,       .  "MORE  YARDS  PER  HOUR" 

Durlingame,  Cahfornia. 

PROVES  SPEED  Rush  jobs  are  often  profitable.  You  will  come  through 

on  time  with  the  Ransome,  because  it  delivers  more 

•  yards  per  hour  by  actual  test. 

"MORE  HOURS  PER  YEAR" 

PROVES  FREEDOM  from  breokdown  —  prompt  service  when  they  occur. 

Every  hour  your  paver  stands  idle  runs  up  the  red  side 

(  of  your  ledger.  Ransomes  are  built  to  stand  the  gaff. 

"MORE   YEARS   PER    LIFE 

OF  PAVER"  It's  the  extra  years  the  Ransome  goes  on  running 

that    pays    dividends.    Some    Ransomes   that   were 

•  sold  on  the  basis  of  work  for  Tive  years  are  now  in 
their  seventh   and  eighth    year,   still   going  strong. 


WRITE  FOR  BULLETIN  TELLING  ABOUT  THE  RANSOME  MASTER  PAVER 

PAVERS  \yC-27C 
Ransome  Concrete  Machinery  Company 

1850— Service  Sor  81  Years— 1931 

Dunellen  Ne^w  Jersey 


TIMKEN  is 

a  Basic  Principle  of 

Modem 

Machine  Design 

The  use  of  Timken  Tapered  Roller  Bearings  is  a  basic 
principle  in  the  design  of  all  types  of  industrial  machin- 
ery, and  student  engineers  will  find  it  well  worth  while 
to  study  their  possibilities  in  conjunction  with  the 
modern  anti-friction  necessities  which  they  are  required 
to  meet. 

Timken  Bearings  provide  the  highest  possible  degree  of 
anti-friction  efficiency  .  .  .  but  more  than  that,  they 
furnish  complete  protection  against  each  and  every  type 
of  load  which  may  be  encountered — radial  loads,  thrust 
loads  or  both  together  in  any  combination. 

This  all-load  ability  is  found  in  the  basic  design  of  the 
Timken  Bearing,  through  the  exclusive  combination  of 
Timken  tapered  construction,  Timken  positively  aligned 
rolls  and  Timken-made  steel. 

In  future  years  machine  operating  speeds  will  be  higher, 
loads  will  be  heavier  and  the  necessity  for  accuracy  even 
more  exacting  than  it  is  now,  but  engineers  who  know 
their  Timkens  will  be  able  to  comply  with  all  production 
demands  at  the  lowest  possible  cost.  The  Timken  Roller 
Bearing  Company,  Canton,  Ohio. 

'l^(£ig)<S'Lp(B(E 

ROLLER  BEARINGS 


Light  is  tho  first  of  painters. 


-    /,  W/  (f.M'N 


BUILDINGS 

in  Which 

You  Take  Pride 

LviV  THE  CAMPUS,  where  class  buildings 
and  memorial  structures  are  so  often 
distinguished  by  their  noble  form,  flood- 
lighting equipment  serves  to  prolong  the 
enjoyment  of  their  beauty  and  to  enhance 
pride  in  the  institution.  »  »  Such  an 
application  is  made  for  the  new  165-foot 
campanile  at  South  Dakota  State  —  mag- 
nificent gift  of  an  alumnus.  Electrically 
operated  chimes  sound  the  hours  and 
are  heard  in  concerts.  At  night,  shafts  of 
light  from  General  Electric  floodlighting  projectors  effect  a  picture  of  superb  beauty 
done  in  the  school  colors  and  white.  From  the  air,  the  tower  is  identified  by  the 
beam  from  a  G-E  airway  beacon  surmounting  the  floodlighted  dome.  »  »  Thus, 
G-E  equipment  plays  its  part  in  promoting  progress  and  fine  appreciation.  Back  of 
every  G-E  product  is  an  organization  in  which  college-trained  men  are  largely 
responsible  for  the  planning,  production,  and  distribution. 


GENERAL®  ELECTRIC 

GENERAL    ELECTRIC    COMPANY,    SCHENECTAD  Y,    NEW    YORK 
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BOLTS 


8  times  as  strong  under  superheat 


// 


as 


before  the  war 


// 


Trace  the  evolution  of  the  liolt  since 
1 9 1 3  and  you  trace  the  amazing  post  war 
advance  of  power  and  industrial  proc- 
esses .  .  .  and  the  Crane  contribution  to 
help  make  it  possible. 

In  carefree  days  "before  the  war,"  a 
steel  bolt  was  a  steel  bolt.  It  was  made 
of  any  easily  obtained  steel  that  forged 
easily  and  took  threads  well.  Industry 
moved  forward  .  .  .  stronger  bolts  were 
asked  for.  Ordinary  steels  were  improved 
to  tensile  strength  of  45,000  pounds. 
Not  enough.  A  bolt  with  torged-on 
head  and  tensile  strength  of  50,000 
pounds  was  developed.  Still  not  enough. 
Cold  rolled  steel  bolts  with  tensile 
strength  of  80,000  pounds  were 
offered.   They  had  a  tendency  to  snap. 

To  fully  meet  the  demands  of  modern 
hit^h     pressure     and     temperature 


technology,  Crane  Co.  brought  out  for  its 
cast  and  forged  steel  materials  their 
Triplex  steel  stud  bolts,  of  chrome 
nickel  steel  with  tensile  strength  of 
125,000  pounds.  The  limit  is  not  yet. 
Even  now.  Crane  Co.  can  supply  bolts 
for  valve  bonnets  and  flanges  with  ten- 
sile strength  of  140,000  pounds  and 
retaining  strength  at  well  past  1000°  F. 

By  exhaustive  laboratory  investigations, 
long  carefully  charted  creep  tests, 
cietailed  study  of  service  conditions. 
Crane  metallurgists  have  helped  this 
development.  With  the  same  scientific 
methods  they  have  as  strikingly  im- 
proved bodies,  bonnets,  discs  and  seats, 
stems,  packing  boxes  ...  so  that  Crane 
valves  and  fittings  can  be  supplied  for 
higher  pressures  and  temperatures  than 
have  yet  been  commercially  projected. 
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ILLIONS  of  dollars  of  capital 
are  dissipated  yearly  in  dis- 
carded machinery  and  equipment. 
This  figure  would  be  many  times 
as  large  but  for  the  use  of  oxy- 
acetylene  welding  in  the  repair  and 
maintenance  of  plant  machinery. 
Much  more  can  be  saved  by  still 
broader  application  of  the  oxy- 
acetylene  welding  process. 

The   oxy-acetylene    process   of 


welding  and  cutting  metals  has 
many  other  interesting  applications 
in  the  design,  construction  or  fab- 
rication of  metal  parts  or  structures. 
Tomorrow's  engineers  will  be  ex- 
pected to  know  how  to  apply  this 
modern  metal-working  process. 
Several  valuable  and  interesting 
technical  booklets  on  design  and 
applications  are  available.  Write  us 
if  you  are  interested. 
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KOEHRINC. 

Pavers,    Mixers;    Power   Shovels, 

Pull  Shovels,  Cranes,  Draglines; 

Dumptors. 

INSLEY 

Excavators;    Concrete    Placing 

Equipment;  Cars,  Buckets, 

Derricks. 

T.  L.  SMITH 

Tilting  and  Non-tilting  Mixers, 

Pavers,    Weigh-Mix. 

PARSONS 

Trenchers,  Backfillers. 

C.  H.  &  E. 

Portable    Saw    Rigs,    Pumps, 

Hoists,  Material  Elevators, 

Ditchers. 

KWIK-MIX 

Mixers  —  Concrete,  Plaster  and 

Mortar. 


One  of  the  largest  county  court  houses  in  the  United 
States  is  nearing  completion  at  Milwaukee,  Wiscon- 
sin. This  new  eight  million  dollar  building  of  classical 
architecture  takes  an  imposing  position  on  its  raised 
elevation. 

General  dimensions  show  a  length  of  450  feet,  a  width 
of  200  feet  and  a  height  of  200  feet.  In  the  foundation, 
6,700  piles  were  sunk  in  order  to  provide  a  secure  base 
for  the  heavy  structure.  There  were  12,000  tons  of 
steel  used  in  the  building  and  the  limestone  order, 
which  was  third  largest  placed  in  the  United  States 
during  1929,  amounted  to  303,000  cubic  feet.  The  six 
columns  over  the  entrance  are  7  ft.  6  in.  in  diameter 
and  are  60  ft.  high. 

Among  the  N.  E.  C.  machines  used  on  the  Milwaukee 
County  Court  House  was  a  large  Smith  Tilting  Mixer 
of  2  yard  capacity.  With  the  famous  Smith  end-to- 
center  mixing  action,  the  big  tilter  mixed  10,000  cubic 
yards  of  concrete — Smith-mixed  concrete  for  per- 
manence. 
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New  Construction  Features  of  Illinois 
Highway  Work 


[.  R.  W'ehk  '3j 


SPEED!  economy!  permanence!  These  arc  the  de- 
mands of  the  modern  world.  In  highway  work,  just 
as  in  other  engineering  fields,  contractors,  equip- 
ment companies,  and  highway  officials  are  constantly  de- 
vising new  methods  to  save  time  and  money  and  to  pro- 
duce more  permanent  roads.  Although  the  construction 
season  has  been  considerably  lengthened  in  the  last  few 
years  highway  work,  must  still  be  pushed  at  e\er  increas- 
ing speed  to  meet  the  constant  clamor  of  the  motorists 
for  new  roads.  Economy  of  construction  costs  and 
permanence  of  the  pavement  are  likewise  increasingly  im- 
portant in  these  times  of  depression. 

To  meet  the  new  needs  for  close  control  of  concietc 
strength  and  the  economic  use  of  materials  the  Illinois 
Division  of  Highways  in  1930  adopted  a  new  method  of 
design  for  concrete  mixtures.  This  was  an  application  of 
the  mortar-voids  theor\'  developed  by  A.  N.  Talbot  and 
F.  E.  Richart  of  the  University  of  Illinois.  Sufficient 
space  to  develop  this  fully  is  not  available  at  this  time 
but  briefly  the  method  is  based  on  the  theory  that  the 
more  dense  the  concrete  the  higher  its  strength.  The 
coarse  aggregate  is  regarded  as  a  filler  for  bulk  and  the 
strength  of  the  concrete  is  considered  to  be  almost  en- 
tirely dependent  on  the  mortar.  All  proportions  are  based 
upon  the  absolute  volume  of  the  cement,  sand  and  coarse 
aggregate. 

In  order  to  carry  out  this  new  methoii,  proportioning 
engineers  were  placed  on  all  jobs  to  control  the  daily 
proportions  of  the  materials  by  frequent  tests.  I'nder 
this  new  method  the  \ield  can  be  easily  and  directly  com- 
puted and  checked  in  the  field.  It  is  also  the  duty  of 
these  proportioning  engineers  to  inspect  the  concrete  ma- 
terials and  measuring  apparatus  during  the  day  and  to 
take  charge  of  curing  the  test  beams  made  daily.  These 
test  beams  are  broken  in  a  portable  beam-breaker  and 
their  modulus  of  rupture  indicates  the  tensile  strength  of 
the  pavement  concrete  from  which  they  are  made.  An 
Iccurate  record  of  the  location  and  time  at  which  they 

Fere  made  and  other  relevant  data  such  as  batch  weights 
Ind  temperature,  and  amount  of  mixing-water,  is  kept  b\- 
Ihe  engineer.  These  beams  give  a  definite  and  direct 
pheck  on   the   pavement  at  various  ages.      A  modulus  of 

jpture  of  f)S()  pounds  per  square  inch  is  reqiu'red  at  14 
iays.     On  the  attainment  of  sufficient  strength  the  pa\e- 

Qent  is  sometimes  opened  before  the  usual  28  day  limit 
it  the  option  of  the  engineer  in  charge.  This  is  becoming 
the  practice  more  and  more  as  the  value  of  the  beam 
(est  is  realized.  As  it  is  uneconomical  to  make  concrete 
bf  a  higher  strength  than  required,  the  beam  test  indicates 


at  once  if  this  is  occuring,  and  allows  a  remedy  of  the  sit- 
uation in  a  short  time. 

Another  feature  of  material  proportioning  was  the 
introduction  of  measurement  by  weight  of  all  aggregates 
and  a  very  close  measurement  of  the  mixing-water.  This 
was  used  on  a  few  jobs  in  1929  but  was  not  required 
until  1930.  Although  contractors  at  first  objected  to  the 
idea  they  soon  were  reconciled  when  they  found  that  they 
actually  saved  money  in  the  long  run.  Much  more  ac- 
curate measurement  of  materials  resulted  and  also  greater 
economy  of  materials.  There  is  still  a  great  deal  of  room 
for  improxemcnt  in  weighing  apparatus  as  many  of  the 
weighing  hoppers  in  use  last  summer  developed  a  number 
of  weaknesses.  This  year  will  show  man\'  refinements 
that  were  missing  last  year. 

Accurate  water  control  was  also  required  by  the  new 
proportioning  methods  and  the  specifications  call  for  the 
measurement  of  mixing  water  to  the  nearest  pint.  The 
contractors  who  had  old  mixers  had  to  calibrate  the  watei 
tanks  to  this  new  standard  or  else  put  on  new  tanks  espe- 
cially calibrated.  The  amount  of  mixing  water  was 
checked  several  times  tiaily  by  the  slab  inspector.  A 
similar  closeness  of  measurement  was  required  on  batch 
weights  of  fine  and  coar.se  aggregates.  These  were 
measured  to  four-tenths  (0.4)  of  one  per  cent  of  the  net 
batch  weight.  The  amounts  of  water  and  proper  batch 
weights  were  determined  daily  by  the  proportioning  en- 
gineer and  checked  throughout  the  dai,-.  The  iLsual  slimip 
tests  for  consistency  were  made  on  individual  batches  at 
the  mixer. 

One  piece  of  road  construction  showing  many  of  the 
new  features  of  highway  work  was  that  on  Route  58, 
Sec.  583-S  in  Cook  county.  This  job  was  unique  in 
several  ways.  In  addition  to  the  required  weighing  of 
aggregates  the  cement  w.is  weighed  in  bulk  form  from 
freight  cars.  The  cement  was  handled  pneumatically 
into  the  weighing  hoppers.  A  great  saving  in  time,  labor 
and  money  was  effected  as  the  old  method  of  opening, 
dumping  and  cleaning  cement  sacks  was  eliminated,  and 
in  addition  the  bulk  cement  was  secured  at  a  lower  cost 
than  that  paid  for  sacked  cement. 

The  set-up  used  in  handling  the  cement,  sand  and 
gra\el  at  the  batching  plant  are  shown  clearly  in  the 
upper  left  picture  on  page  4.  At  the  right  and  left  are 
the  weighing  hoppers  for  sand  and  gravel  respectively. 
The  bins  were  filled  by  the  gas  operated  clam-shell  in  the 
background.  In  the  center  is  the  cemeilt  batch  hopper 
with  the  pneumatic  hose  to  the  cement  car  plainly  visible. 
(ConliniiiJ  on  Paijr  22) 
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The  Flying  Club  Takes  the  Air 

R.  v.   |{i,\im;  'M  (iiiil  M.  S.  Khiem  .\i    |r.  '.i  1 


WllKN  a  petition  was  granted  In  rlic  louiuii  ol 
administration  on  October  22  to  the  lllini  I'ly- 
ing  club  to  build  and  Hy  a  glider  it  represented 
12  years  of  work  on  the  part  of  the  club  in  the  promotion 
of  aeronautics  at  the  I  in'\ersit\  of  Illinois.  The  club 
was  founded  in   l')l')  b\   world  war  \ereians  who  were  in 


the  L  nited  States  air  service.  These  men  were  held  to- 
gether in  this  organization  by  a  bond  of  comradeship 
fostered  by  their  war  experiences. 

For  the  first  few  years  of  its  existence  only  such  men 
as  had  had  actual  flying  experience  were  admitted.  As 
time  went  on,  however,  it  was  impossible  to  maintain  this 
standard  so  that  it  was  necessary  to  admit  those  who  had 
aspirations  only.  From  the  first  the  club  has  been  a  fra- 
ternity with  secret  ritual  and  closed  meetings. 

Although  the  club  had  always  had  the  ambition  to 
have  its  own  plane  for  exclusive  use  of  its  members  it  has 
not  been  until  recent  years  that  any  progress  toward  this 
end  has  been  made.  At  the  time  of  the  granting  of  the 
petition  in  October,  the  club  was  on  its  toes  and  three 
days  later  an  order  was  sent  for  a  knock-down  glider  kit. 
In  this  set  the  fuselage  had  been  biu'lt,  the  ribs  had  been 
made,  and  the  tail  surfaces  assembled.  It  was  the  job 
of  the  club  to  build  the  wing,  to  cover  and  dope  it,  and  to 
rig  the  glider  and  install  the  control  system. 

Twenty  members  of  the  club  actually  assisted  in 
building  the  glider  and  such  progress  was  made  that  the 
wing  was  completed  by  the  first  of  January.  The  wing 
is  what  might  be  termed  the  "heart  of  the  glider"  and 
upon  it  the  glider  depends  for  its  support  while  in  the 
air.  Spruce  spars  j/"x4"xl6'  were  laid  transversely 
on  saw  horses  and  the  ribs  made  of  light  spruce  were 
slipped  over  them  (see  figure  I  ).  These  were  tacked  and 
glued  to  the  spars,  and  then  the  whole  structure  was 
thoroughly  braced  by  short  spruce  struts  and  diagonal 
trussing  of  14  gage  piano  wire.  The  entire  wing  is  built 
and  braced  as  a  unit  and  then  the  ailerons  (lateral 
control  surfaces)  are  cut  away  and  hinged  in  place.  This 
is  to  a.ssure  correct  alignment  of  these  surf.ices  with  the 
rest  of  the  wing. 


Next  a  large  sheet  ot  mercerized  cotton  cloth  was 
stretched  snugly  over  the  wing  and  tacked  in  place.  Two 
coats  of  nitrocellulose  "dope"  were  applied  to  shrink  and 
strengthen  this  fabric.  The  resulting  surface  is  thus 
made  as  tight  as  a  drum  head  and  many  times  as  strong 
as  the  cloth  alone.  This  doped  cover  contributes  a  great 
deal  to  the  rigidity  and  strength  of  the  wing  structure. 
The  construction  of  the  two  units  of  this  wing  took 
about  eight  weeks  because  great  accuracy  was  necessary 
to  a.ssure  correct  alignment. 

The  glider  is  all  wood  in  construction  with  selected 
s|iruce  and  bass  wood  comprising  most  of  the  structure. 
Small  metal  fittings  are  steel  as  is  the  wire  in  the  bracing 
and  control  systems.  Casein  glue,  a  powerful  water  proof 
adhesive,  is  used  for  every  joint.  It  is  interesting  to  note 
that  a  properly  glued  joint  is  considerabh'  stronger  thaii 
the  wood  it  unites. 

As  was  promised  in  the  petition  to  the  council  of  ad- 
ministration, a  full  department  of  commerce  commercial 
aircraft  license  was  applied  for  and  granted  after  the  re- 
quired inspection.  This  inspection  consisted  of  two  visits 
by  the  department  of  commerce  inspector;  the  first  for 
construction  and  workmanship,  made  before  the  wing 
was  covered,  the  second  for  covering,  rigging,  and  air 
worthiness,  made  on  completion  of  the  glider. 

Then  came  the  trial  flights  which  were  made  on  Feb- 
ruary 21.  Would  the  balance  be  satisfactory?  Would 
the  glider  be  airworthy?  These  were  the  questions  to  be 
solved  by  the  first  flights.  A  300-foot  rope  was  tied  to 
the  rear  of  a  car  and  the  other  end  attached  by  means  of 
a  hook  to  the  front  of  the  glider.  This  rope  is  released 
b\'  a  trip  arrangement  as  shown  in  figure  2. 

When  everything  was  ready  and  the  pilot  in  place, 
away  the  car  went.  The  glider  started  to  tip  to  the  side 
but  was  slowly  brought  back  by  the  yet  sluggish  controls. 


/••/>/«/,■   / 

Graduallv  as  speeil  was  obtained  the  controls  began  to  act 
more  quickly  and  the  glider  slowly  rose  from  the  ground. 
Up  the  pilot  went  first  to  ten  feet  and  then  to  twenty  feet 
before  tripping  the  rope  and  coasting  down. 

The  first  flight  was  successful.     The  glider  flew  very 
nicely.     The  balance  was  good  and   the  controls  reacted 
more  quickh    than  was  to  be  expected   from  a  glider  of 
(Conlinucd  on  Page  19) 
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A  Missouri  Hydro  Plant  Nears  Completion 

Joi:  Tiri'AW  ex'3r~' 


THE  month  of  February  marked  the  \irfual  lom- 
pletion  of  concrete  work  on  the  dam  proper  of  the 
immense  hydro-electric  project  on  the  (Xsage  river, 
near  Hagnell,  Missouri.  On  February  19  the  five  sluice- 
xva\s,  through  which  the  waters  of  the  Osage  have  been 
(ii\'crted  during  the  construction  of  the  final  section  of 
the  dam.  were  closeil  b\  lowering  into  each  a  reinforced 
concrete  gate  weighing  approximately  80  tons.  Immedi- 
ately the  lake  started  to  fill,  and  on  March  }  had  attained 
a  depth  of  45  feet.  In  another  month  or  two  the  fourth 
largest  artificial  lake  and  the  only  large  lake  in  Mi.s.souri 
will  be  filled.  Two  of  the  six  generator  units  are  prac- 
ticall>'  completed  and  the  turbines  for  the  remaining  four 
are  in  place,  (jenerators  for  these  units  are  being  pre- 
pared. It  is  expected  that  initial  power  fiom  the  project 
will  be  generated  by  July  4. 

The   Osage   river   is  a   picturesque   stream.      It   Hows 
its  winding  way  from  its  headwaters  in  eastern   Kansas 
through    west    central    Missouri    to    the    Missouri    ri\er, 
into  which  it  empties  about  eight  miles  below  Jefferson 
City.     Through  much  of  its  course  it  lies  between  bluffs 
[which   arc   perhaps  21)0   feet  high   abo\e   the   \alley  and 
I  one-fourth  to  one-half  mile  apart.    The  lake  to  be  created 
by  the  dammed-up  w-aters  consequently  will  be  long,  nar- 
row,  and   winding,   with   an    almost   infinite   number   of 
arms  reaching  up  the  present  creeks  and  tributary  streams 
of  the  Osage.     The  lake,  to  be  known  as  the  Lake  of  the 
Ozarks,    will    have    an    area   of   slighth'   more    than    100 
\  square  miles,  will  be  130  miles  long,  and  will  have  a  total 
[shore  line  of  about    1,750  miles.      Figure  3   is  a  sketch 
kmap  of  the  lake  and  its  location  with  respect  to  nearby 
towns.    The  dam  site  is  about  four  miles  above  Bagnell, 
[which  is   about   half-way  between   Kansas   City   and    St. 
Louis,  and  about  45  miles  southwest  of  Jefferson  City. 
The  dam  itself  is  a  concrete  gra\it\ -section  structure. 


It  is  2,543  feet  long  and  a  maximum  height  of  148  feet 
from  bedrock  to  floor  of  the  bridge  over  the  top  of  the 
dam.  The  power  section,  located  in  the  original  river 
channel  on  the  east  side,  is  511  feet  long.  In  the  center 
is  the  spillway  section,  containing  12  Tainter  gates.  Each 
gate  is  34  feet  long  and  22  feet  high.  Between  the  gates 
are  6-foot  piers  which  support  the  gate  trunions.  and 
the  operating  deck  and  highway  above.  The  remainder 
of  the  dam  constitutes  the  main  retaining  section.  Federal 
highway  No.  54  will  cross  the  ri\er  o\er  a  20-foot  road- 
way on  top  of  the  dam. 

Plans    for    the    initial    instail.ition    call    for    f)    hydro- 
electric units,  with  the  proNision  for  two  more  wiien  the 


Fir/tirr  1 :    I'/'Slrram  sidf  of  I  lie  dam. 

need  for  them  arises.  The  turbines  arc  of  the  vertical- 
shaft  P'rancis  type  with  a  full-gate  capacity  of  33,500 
hp.  under  a  90-foot  head.  Each  turbine  is  direct  con- 
nected to  a  13,S00-\oIt,  3-phase,  60-cyclc  generator.     In 

•Phc.lographs    by    the-   author   and    il.    IlarUiiiB.    I'liivcrsily    of    Kansas    '30 
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addition  two  small  3,000-hp.  generators,  each  connected 
to  a  small  water-wheel,  will  furnish  station  power.  The 
total  output  of  the  plant  will  he  SdO.llOO, ()()()  kilowatt 
hours  per  year. 

A  careful  core-drilliii;i  examination  ot  tile  dam  site 
as  well  as  of  the  reservoir  area  was  made  by  geologists 
to  determine  whether  the  foundation  was  sound  and  the 
reservoir  free  from  leakage.  It  was  found  that  the  dam 
site  foimdation  consists  of  Gasconade  dolomite  over  an 
8-foot  layer  of  Ciunter  sandstone.  Under  the  Cjuiiter 
sandstone  is  a  deep  la\er  of  Proctor  dolomite.  Over  the 
(lasconade  dolomite  is  a  25-foot  layer  of  gravel,  then  a 
25-foot  la\er  of  silt.  The  river  bed  is  in  the  gravel  layer 
about  15  feet  above  the  rock.     I'nder  the  spillway  section 


!^ 

Figure  2:    DoiLnstream  sidr  of  Ihf  Jam. 

the  Gunter  sandstone  was  removed  and  the  dam  founda- 
tion laid  in  the  Proctor  dolomite.  A  key-trench  20  feet 
wide  was  cut  into  the  Proctor  formation  at  the  heel. 
The  retaining  section  and  power-house  section  were  built 
on  the  Gasconde  dolomite,  with  a  similar  key-trench.  At 
the  abutments  the  entire  sections  were  keyed  into  the 
hillsides. 

The  first  sections  constructed  were  the  spillway  and 
west  abutment.  Two  rows  of  steel  piling  were  driven 
from  the  river  to  the  west  abutment.  A  celhdar  sheet- 
piling  cofferdam  at  the  east  end  of  these  two  rows  of 
piling  closed  off  the  river  end.  Draglines  operating  inside 
the  cofferdam  then  excavated  the  silt  and  gravel.  About 
875,000  cubic  yards  were  excavated  in  all.  Following 
this  excavation  the  west  retaining  section  and  the  spill- 


I'ii/urr   f:     The   tnfi   nf  llir  dam,  s/ioivin//   n[>nali(ins  difk,   road- 
ii.'ay,  and  ijaiitry  trarn-. 

way  section  were  poured.  Fi\e  openings  were  left  in 
the  spillway  section.  1  lien  a  new  channel  was  dredged 
west  of  the  natural  channel  of  the  Osage  and  its  waters 
caused  to  How  though  these  five  openings.  The  original 
channel  was  closed  off  by  a  cellular  steel-sheeting  coffer- 
dam and  construction  of  the  power-house  section  and  east 


abutment  proceeded.  About  550,000  cubic  yards  of  con- 
crete were  poured  in  all. 

Photograph  1  shows  the  upstream  face  of  the  dam 
just  before  the  lake  began  to  fill.  At  the  extreme  left  is 
seen  I  .  S.  highway  No.  54  approach  to  the  east  side  of 
the  dam.  In  the  left  center  is  the  power-house  section, 
with  the  eight  large  gates  in  front  of  the  penstocks  and 
the  two  smaller  openings  to  the  station  units.  Above  is 
one  of  tlie  two  gantry  cranes  to  be  used  in  raising  and 
lowering  the  gates.  In  the  right  center  is  the  spillway 
section,  showing  the  12  Tainter  gates.  Above  is  the  other 
gantry  crane  and  below  are  barely  visible  the  five  sluice- 
wa\'  openings  and  the  reinforced  concrete  gates  ready  to 
be  lowered  into  place.  Photograph  4,  taken  on  top  of  the 
dam,  looking  east,  shows  the  gantry  crane  over  the  pen- 
stock gates,  the  operations  deck  on  the  left  or  upstream 
side  of  the  top  of  the  dam,  and  the  roadwa\-  on  the  right 
or  downstreams  side. 

Photograph  2  is  of  the  downstream  side  of  the  dam. 
In  tile  foreground  is  the  power-house  section,  and  close  to 
tile  bottom  is  one  of  the  water  wheels  ready  for  installa- 
tion. A  close  view  of  the  same  water-wheel  is  shown  in 
photograph  5. 

The  project  is  being  built  for  the  L  nion  Electric 
light    and    Power   company   of    St.    Louis    by    Stone    and 
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Webster  Engineering  corporation.  Power  is  to  be  used 
b\'  the  Union  Electric  Light  and  Power  company  as  a 
peak-load  auxiliary  to  their  existing  cources  of  supply; 
namely,  the  hydro-electric  plant  on  the  Mississippi  at 
Keokuk,  Iowa,  and  the  steam  plants  at  Cahokia,  East  St. 
Louis  and  Ashley  Street,  St.  Louis.  In  addition,  a  por- 
tion of  the  power  is  to  be  sold  to  the  St.  Joseph  Lead 
company,  near  Rivermines,  about  60  miles  south  of  St. 
Louis. 


Engineering  Debatefs  Chosen 

E.  T.  Reeder  "31  and  Don  Johnstone  '31  were 
selected  Thursday  evening,  April  Q,  to  represent  the  col- 
lege of  engineering  in  the  intramural  debates.  There 
were  seven  contestants.  W.  E.  Schidz  jr.  '31  was  chosen 
as  alternate. 

The  engineering  team  will  meet  the  team  from  the 
college  of  agriculture  on  Friday  evening,  May  21.  The\ 
will  uphold  the  affirmative  of  the  question:  Resolved, 
that  Illinois  shovdd  enact  a  compulsory  automobile  liabil- 
ity insurance  law. 

A  place  on  the  college  team  carries  an  award  of 
twenty-five  dollars.  A  similar  prize  is  given  the  semi- 
final winners,  and  twenty-five  dollars  additional  to  the 
winners  of  the  final  debate. 
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The  Volumetric  Efficiency  of  An 
Ammonia  Compressor 

John  C.  Reed  (uul  Edcar  E.  A.mhrosus 
IiHlnit  Ifirs  ill  Mtcluinical  F.iK/iiuiiiiii/.  I'liifi  rsi/y  of  lUiiinis 


This  article  is  an  abstract  of  the  pnfier  ivinniiii/  first 
prize  for  the  best  paper  presented  at  the  .Vck'  York  meet- 
ing of  the  American  Society  of  Refrigerating  Engineers 
in  December  1930.  This  paper.  "Tests  for  the  Real 
Volumetric  Efficiency  of  a  Vertical,  Single  Acting  Am- 
monia Compressor"  was  a  complete  report  up  to  Novem- 
ber 1930,  and  appears  in  the  March  issue  of  Refrigerat- 
ing Engineering. 

THE  data  presented  at  this  time  are  a  part  of  an 
investigation  on  the  volumetric  efficiency  of  a 
vertical,  single  acting,  ammonia  compressor.  This 
woik  was  carried  on  in  the  department  of  mechanical 
engineering  at  the  University  of  Illinois  by  John  C  Reed 
and  Edgar  E.  Ambrosias. 

A  factor  of  modern  refrigeration  which  is  of  vital 
importance  to  the  refrigerating  engineer,  whether  he  be  a 
designer  or  an  operating  engineer,  is  that  of  volumetric 
efficiency.  What  is  the  volumetric  efficiency  of  an  am- 
monia ocmpressor?  is  a  question  frequently  asked.  What 
factors  influence  this  volumetric  efficiency  and  many 
other  questions  relative  to  this  subject  are  constantly  con- 
fronting the  engineer. 

At  the  present  time,  very  little  data  or  published  re- 
sults on  the  volumetric  efficiency  of  an  ammonia  com- 
pressor exist.     It  would   be  very  desirable  and   profitable 
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to  have  avaailable  reliable  data  on  the  volumetric 
efficiency  due  to  clearance,  speed,  design,  superheating, 
etc.  This  information  would  be  especially  useful  to  the 
designing  engineer.  This  data  would  also  be  welconiei! 
by  the  operating  engineer,  because  he  is  interested  in  the 
ways  and  means  of  improving  capacity. 

The  chief  purpose  of  this  investigation  was  to  study 
the  existing  data  and  results  regarding  the  \olumctric 
efficiency  and  to  perform  such  tests  as  necessary  to  obtain 


the  real  volumetric  eff'iciency  of  a  vertical,  single  acting, 
ammonia  compressor.  A  secondary  object  was  to  com- 
pare the  empirical  formida  proposed  by  Voorhees  with  the 
existing  data  and  tlie  results  of  the  tests  performed  by  tlu- 
writers. 

No  standard  definitions  were  found  for  the  volumetric 
efficiencies  referred  to  by  the  authors.     Those  used  seem 
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to  be  the  concensus  of  opinion  of  the  writers  in  the  biblio- 
graphy. The  vapor  upon  entering  the  cylinder  becomes 
superheated,  due  to  exposure  of  the  gas  to  the  hot  cylinder 
walls,  piston  and  valves.  This  makes  the  gas  less  dense 
and  therefore  the  weight  per  unit  volume  is  less.  The 
term  "real  volumetric  efficiency"  was  used  to  represent 
the  efficiency  due  to  this  superheating  effect  only. 

The  "apparent  volumetric  efficiency"  was  used  as  the 
volumetric  eff'iciency  due  to  clearance  alone  and  may  be 
calculated  if  the  clearance  be  known.  This  "apparent 
volumetric  eff'iciency"  may  be  scaled  from  the  indicator 
card  but  this  practice  is  not  satisfactory  as  the  results  are 
often  misleading.  The  apparent  volumetric  efficiency 
/',  is  the  ratio  of  1\  to  J\  as  shown  in  Fig.  1. 

The  "total"  or  "overall  volumetric  eff'iciency"  is  the 
ratio  of  the  actual  amount  of  vapor  compressed  and  de- 
livered, expressed  in  cubic  feet  per  minute,  at  intake 
pressure  and  temperature,  to  the  compressor  displacement. 
This  "overall  eff'iciency"  is  the  result  or  product  of  the 
other  two  efficiencies.  That  is,  the  "overall  efficiency" 
is  a  whole  of  which  the  "real"  and  "apparent  volumetric 
efficiency"  are  a  part.  Eor  example,  if  the  apparent 
volumetric  efficiency  is  50%  and  the  real  volumetric 
efficiency  is  30%,  the  overall  volumetric  efficiency  \\ould 
be  the  product  of  the  two  or  25%. 

In  the  actual  ammonia  compres.sor  the  ammonia  gas 
remaning  in  the  clearance  space  expands  on  the  return 
stroke  of  the  piston  along  the  curve  C-D,  Fig.  1.  The 
volume  displaced  by  the  piston  is  represented  by  Tp,  the 
clearance  by  W..  the  \olume  of  ammonia  gas  entering  by 
/  ,,  and  tile  \-oIume  aftei'  re-expansion  by  r,|. 
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the  ti'iiii  ill  till-  bracket  being  known  as  the  clearance 
factor.  The  value  of  the  exponent  n,  in  the  characteristic 
law  of  compression 

/'/'"  =  c,  where  c  is  a  constant, 
will  vary  within  certain  limits,  since  ammonia  vapor  is 
not  a  perfect  gas.  However,  the  latest  data  from  the  IJ. 
S.  bureau  of  standards  indicates  that  n  for  ammonia 
should  take  the  value  of  1.28.  Also,  from  Fig.  1,  it  nia\ 
be  observed  that  the  greater  /'  becomes,  the  greater  the 
volumetric  efficiency.  Reducing  the  clearance  space  will 
increase  /'. 

Several  factors  affecting  the  volumetric  efficiency  are: 
(1)     the    superheating    effect,    (2)    a     reduction    of    the 
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cylinder  pressure  below  that  existing  in  the  suction  line, 
(3)  effect  of  clearance,  (4)  leakage,  (5)  wire  drawing. 
All  these  tend  to  reduce  the  overall  efficiency. 

The  actual  amount  of  displacement  required  in  the 
compressor  cylinder  will  be  somewhat  larger  than  the 
theoretical  amount,  due  to  the  fact  that  the  volumetric 
efficiency  is  less  than  100%.  In  order  to  estimate  the 
actual  amount  of  displacement,  the  theoretical  displace- 
ment must  be  divided  by  the  volumetric  efficiency,  which 
means  that  the  theoretical  amount  is  increased,  to  make 
up  for  the  loss  of  effective  displacement,  due  to  the  in- 
herent defects  of  the  compressor. 

The  compressor  tested  was  a  Worthington  4'-j  inch 
X  ^Y-  '"ch,  vertical,  single  acting,  motor  driven,  belt  con- 
nected ammonia  compressor.  The  valves  were  of  the 
"feather"  type  and  located  in  the  head.  Careful  measure- 
ments show  the  piston  displacement  to  be  73.5  cubic 
inches  and  the  clearance  volume  to  be  4.08  cubic  inches  or 
5.56%.  For  this  series  of  tests  the  compressor  was  op- 
erated at  about  500  r.  p.  m. 

The  temperature  of  the  s\ution  and  discharge  gas 
was  determined  by  copper-constant  thermocouples.  These 
couples  were  placed  as  close  to  the  cylinder  as  possible. 
The  actual  construction  of  the  thermocouple  assembly 
may  be  noted  in  Fig.  2. 

The  suction  pressure  was  measined  by  means  of  a 
vertical  U-tube  manometer.  This  manometer  was  equip- 
ped with  a  magnifying  glass  so  that  one  operator  could 
remain  at  the  expansion  valve,  which  was  located  several 
feet  from  the  manometer,  and  maintain  a  constant  suction 
pressure.  The  discharge  pressure  was  secured  by  a  cali- 
brated RoiM'don  type  gage. 


rile  amount  of  ammonia  condensed  in  a  given  time 
was  obtained  by  the  substitution  method  of  weighing  in 
one  of  two  drums  placed  on  very  sensitive  platform 
scaled. 

In  performing  the  tests  the  plant  would  be  started 
and  operated  until  desired  conditions  of  pressure  and 
temperature  had  been  maintained  for  several  hours.  Five 
different  series  of  tests  were  run,  each  of  which  main- 
tained some  constant  suction  pressure  with  several  dif- 
ferent discharge  pressures.  A  test  run  was  considered 
to  be  the  time  necessary  to  condense  25  pounds  of  am- 
monia. Having  the  weight,  suction  pressure,  and  temper- 
ature, the  volume  of  gas  entering  the  compressor  was  ob- 
tained. 

The  data  exhibit  that  for  any  particular  suction  pres- 
sure tlie  discharge  pressures  were  quite  constant.  Also, 
the  speed  of  the  compressor  did  not  vary  appreciably  for 
any  one  suction  pressure. 

In  Fig.  3,  the  real  volumetric  efficiency  of  the  com- 
pressor is  plotted  against  the  absolute  discharge  pressures. 
From  this  graph  one  can  see  that  the  lines  which  repre- 
sent the  various  suction  pressures,  represent  the  test  re- 
sults very  well.  The  deviation  of  any  one  point  seems 
small  and  was  no  doubt  due  to  experimental  error. 

A  brief  study  was  made  of  the  Voorhees  formula  for 
finding  the  volumetric  efficiency.  Actual  test  results  when 
compared  with  his  formula  calculations  do  not  agree  very 
well.  For  very  high  suction  pressure  the  formula  values 
come  more  nearly  checking  the  results.  This  deviation 
however  became  more  pronounced  as  the  suction  pressure 
decreased. 

As  the  Voorhees  formula  is  understood  to  give  the 
real  volumetric  efficiency  without  clearance,  Motz  pro- 
posed an  expression  of  the  formula  allowing  for  clearance. 
There  was  not  any  marked  agreement  between  the  calcu- 
lations as  proposed  by  Motz  and  the  total  volumetric 
efficiency  as  obtained  from  the  test. 

A  study  was  also  made  regarding  the  relation  between 
the  volumetric  efficiency  and  the  compression  ratios.  One 
would  expect  that  as  the  compression  ratio  approaches 
unity,  the  volumetric  efficiency  approaches  100%.  This 
is  shown   in   Fig.  4  and  the  variation  of  the  total,  real 
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and  apparent  volumetric  efficiency  is  clearly  brought  out. 
Fig.  5  represents  all  the  available  data  relative  to 
volumetric  efficiency.  The  curves  on  this  graph  represent 
the  work  of  the  Ice  Builders  association,  performed  in 
C^ctober  1903,  and  the  work  of  J.  E.  Denton  published  in 
1890  on  a  12"x30"  two  cylinder,  vertical,  single  acting, 
Boyle  compressor,  (^ther  tests  results  as  taken  from  the 
work  of  Jenks  and  from  the  paper  presented  to  the 
American  Society  of  Refrigerating  Engineers  a  year  ago 
(Conliiiued  on  Pat/e  22) 
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Glimpses  of  World  Engineering 

Haroi.o  E.  Babbitt 
Professor  of  S/initury  Engbifering,  Univtrsity  of  Illinois 


WC^RLD  engineering  is  marked  by  contrast,  con- 
fusion, concord,  and  conflict.  It  is  contrasty 
because  of  the  conglomeration  of  the  modern 
and  the  mediaeval,  the  ancient,  the  archaic  and  the  an- 
tique with  the  new,  the  novel,  and  the  notable,  all  in  the 
same  place  at  the  same  time.  It  is  confused  because  of 
the  different  minds,  methods,  and  materials  with  which 
the  same  ends  are  approached.  It  is  marked  by  concord 
and  conflict  because  of  the  peaceful  progress  made  under 
^Strong  governments  and  the  confusion  resulting  from  in- 

ecure  governments  and  uncertain  finances.     It  is  danger- 
i>us  to  generalize   about  conditions   in   any  country   and 

nore  than  ever  dangerous  to  generalize  about  world  con- 
ditions, but  the  above  sweeping  ob- 
servations   are    applicable    to    condi- 
[tions  the  world  over. 

One  generalization  is  widely  ap- 
plicable to  engineers,  however.  They 
are  invariably  glad  to  meet  a  fellow 
Engineer;  they  are  cordial;  they  are 
flospitable;    and    they    are    helpful. 

There   is   a   camaradie    among    en- 

;ineers  which  binds  them  into  a 
fraternity  of  friendly  uuderstand- 
ing,  which  leads  them  to  greet  fel- 
low engineers  from  overseas  with  a 
warmth  and  enthusiasm,  and  which 
breaks  down  racial  bounds  and  in- 
ternational jealousies.  When  the 
purpose  of  the  visitor  is  discovered 
to  be  the  gathering  of  information, 
the  increase  of  technical  knowledge, 
and  the  exchange  of  ideas,  he  is 
taken  into  the  confidence  of  his 
hosts  and  the  results  are  of  value  to 
the  visitor  as  \vell  as  to  the  visited. 

World     engineering    covers    a 
multitude  of  subjects  but  those  en- 
gineering activities  of  principal  interest  to  the  public  arc 
the  public  works  which  are  performed  by  the  civil  en- 
gineer.    These  works  include  railroads,  highways,  water- 
works, sewers,  bridges,   irrigation,  municipal  engineering 
and    related   structures.      Labor  conditions,   the  status  of 
the  engineer,  political  disturbances,  and  opportunities  for 
the  future  hold   a  place  of  interest   for  all  engineers  but 
■>('eni  particularh    pertinent  to  the  civil  engineer. 
R.AILRO.'VDS 

Japan  is  justifiably  proud  of  her  railroads.  They  are 
well  operated,  well  equipped,  and  are  provided  with  fine 
rolling  stock  which  is  operated  on  excellent  roadbeds. 
.AH  but  a  few  short  lines  are  government-owned  and  op- 
erated and  serve  to  give  employment  to  many.  The  pride 
of  the  Japanese  Empire  is  the  South  Manchurian  rail- 
road which  operates  in  Manchuria  and  Korea,  with  its 
southern  terminal  at  Dairen  in  Manchuria  and  Fusan  in 
Korea.  The  two  branches  join  at  Mukden  and  the  line 
continues  northward  to  Chan  Chung  where  it  connects 
with  the  Chinese  Eastern  railroad  which  itself  connects 
with  the  Trans-.Siberian  railroad.  The  history  of  the 
South  Manchurian  railroad  is  thrilling  for  it  was  started 
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by  the  Russians,  coveted  by  the  Chinese,  and  was  taken 
over  by  the  Japanese  as  one  of  the  spoils  of  the  Russo- 
Japanese  War.  This  railroad  is  one  of  the  finest  in  the 
world.  Insofar  as  roadbed  and  rolling  stock  are  con- 
cerned it  is  said  to  be  a  duplicate  of  the  Pennsylvania 
railroad,  but  in  variety  of  activities  it  excells  the  pride 
of  the  United  States.  The  Southern  Manchurian  rail- 
road operates,  besides  its  trains,  factories,  research  labora- 
tories, mines,  and  other  industries  in  a  successful  attempt 
to  develop  the  marvelous  natural  resources  of  the  wealthy 
Chinese  Province  of  Manchuria.  The  South  Manchurian 
railroad  and  its  branches  operate  on  the  standard  gage  of 
4  feet  8'/'  inches  whereas  the  railroads  on  the  main 
islands  of  the  Empire  have  a  gage 
of  3  feet  6  inches. 

In  Guatemala  work  is  under  way 
for  the  construction  of  an  electric 
railroad  from  Mazatenango  to 
Quezaltenango,  rising  from  an 
elevation  of  slightly  over  1,000  feet 
to  9,000  feet  in  a  distance  of  about 
thirty  miles.  The  line  runs  through 
rock\-,  mountain  gorges,  through  ex- 
quisite scenery,  and  unpopulated 
territory.  Its  most  remarkable  fea- 
tures are  its  freedom  from  tunnels, 
as  there  are  not  more  than  three  or 
four  tunnels  in  the  entire  line  and 
none  is  more  than  a  few  hundred 
yarils  in  length,  and  the  steep  grades 
on  which  it  is  expected  to  operate 
cars  with  only  friction  contact  on 
the  rails.  These  grades  are  prob- 
ably the  steepest  in  the  world  over 
which  it  has  been  attempted  to  op- 
crate  without  cog  wheels. 

Extension  of  the  railroad  from 
Guatemala  City  to  San  Salvador 
by  connecting  with  the  present  line  between  Puerto 
Harrios  and  Guatemala  City  at  Zacapa  was  probably  com- 
pleted in  1930.  The  completion  of  this  link  in  the  north 
and  south  railroads  on  the  North  American  continent 
makes  it  possible  to  travel  on  standard  gage  railroad 
without  change  of  cars  from  Prince  Rupert,  the  northern 
terminus  of  the  Canadian  National  railroad  in  British 
Columbia  to  San  Salvador  in  Central  America,  e.xcept  at 
the  border  between  Mexico  and  Cjuatemala.  International 
discord  prevents  the  construction  of  a  bridge  across  the 
river  over  which  it  is  now  necessary  to  cross  by  boat  to 
transfer  from  the  .Mexican  to  the  Guatemalan  railroad. 

Pioneer  conditions  mark  the  construction  of  railroads 
in  Indo-China,  Siam,  and  New  Zealand.  It  is  interest- 
ing to  note  that  all  of  this  pioneer  work  is  being  pushed 
forward  on  roads  with  gages  other  than  "standard."  Of 
the  group  of  countries  including  the  Federated  Malay 
States,  Burma,  Indo-China,  and  Siam,  the  last  named  was 
among  the  first  to  construct  railroads  when  work  was 
commenced  in  1891.  The  Siamese  engineers  were  fore- 
sighted  enough  to  ascertain  the  wishes  of  their  neighbors 
as  to  gage  and  the  answer  favored  the  European-Ameri- 
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can  standard  of  4  fi-i-t  8j/  inches.  Within  a  sliort  time 
after  the  first  Siamese  railroads  liad  been  constructed 
neijihborinj;  roads  were  started  with  a  K'lK^"  •'*  ""'"  nieter. 
Realiziny;  tile  importance  of  interconnections  and  the 
operation  of  through  international  trains  the  Siamese 
changed  their  gage  to  conform  to  that  of  their  neighbors. 
For  years  the  Siamese  roads  have  been  operating  on  two 
gages  on  the  same  roadbed  entailing  perplexing  difficul- 
ties. At  the  present  time  few  trains  are  being  operated 
on  the  broader  gage  and  soon  all  "standard"  gage  rolling 
stock  will  be  disposed  of  and  the  broader  gage  rail  re- 
moved. 

Rapiil  progress  in  the  construction  of  railroads  in 
New  Zealand  is  made  po.ssible  by  the  policy  of  first  con- 
structing a  highway  beside  the  railroad  right  of  way  and 
utilizing  the  highwa>'  for  the  transportation  of  material 
so  that  work  can  be  pushed  forward  simultaneously  from 
several  construction  centers.  The  limit  to  the  numbei' 
of  rail  heads  which  can  be  worked  at  one  time  is  the 
number  of  men  and  the  amount  of  construction  material 
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available.  Occasionally  it  is  not  considered  feasible  to 
commence  a  new  division  of  construction  in  a  remote 
or  inaccessible  district  because  of  the  difficulty  of  con- 
structing bridges  or  transporting  bridge  material  ovei' 
the  lighter  highway  bridges. 

Gages  from  5  feet  6  inches  down  to  2  feet  are  to  be 
found  on  the  various  railroads  of  the  world.  The 
broadest  gages  are  to  be  found  in  Australia  where  the 
principal  transcontinental  roads  have  three  gages.  The 
important  line  between  Sydney  and  Melbourne  has  a 
gage  of  5  feet  6  inches  but  if  one  travels  from  Melbourne 
to  Perth  he  encounters  gages  of  5  feet  6  inches,  4  feet 
8j4  inches.  In  India  almost  every  possible  gage  is  en- 
countered down  to  the  tiny  width  of  2  feet.  This  latter 
gage  is  used  on  the  mountain  road  from  Siliguri  on  the 
plains,  to  Darjeeling  which  is  in  the  Himalaya  mountains 
within  sight  of  the  world's  highest  peaks,  which  reach 
elevations  above  28, ()()()  feet.  The  confusion  of  gages  in 
Australia  and  India  has  been  found  to  be  an  inhibition 
to  the  growth  of  empire.  IBecause  of  the  greater  unity 
of  the  Australian  Commonwealth  a  movement  is  on  foot 
to  standardize  all  gages  in  an  attempt  to  install  the  world 
standard  of  4  feet  8j/  inches.  It  is  not  probable  that  the 
ideal  will  be  attained  for  many  years  in  Australia  be- 
cause of  financial  difficulties  nor  in  India  both  because 
of  financial  limitations  and  political  disunity. 

Daytime  operation  of  railroads  in  Java  is  an  amusing 
limitation  to  an  otherwise  progressive  and  aggressive 
governmental  operation  of  public  services  which  char- 
acterizes the  Dutch  control  of  their  marvelous  East  In- 
dian Colonics.  No  trains  are  operated  after  dark  on 
Japanese   rairoads.     The  longest   run   made  by  any  train 


is  that  of  the  ca|)icss  between  liatavia  and  Soerabaja 
which  requires  14  hours  for  the  trip.  The  tiain  making 
this  run  leaves  at  dawn  and  arrives  at  dusk  when  it,  and 
all  other  trains  on  the  road,  are  tucked  into  their  beds  to 
await  the  dawn  of  another  day.  The  regularity  of  this 
dawii-to-dusk  operation  throughout  the  year  is  made  pos- 
sible by  the  island's  location  close  to  the  equator,  which 
makes  all  days  in  the  year  about  the  same  length. 

Highways 

C'uba  is  constructing  a  notable  highway  in  its  attempt 
to  link  Havana  and  Santiago  at  opposite  ends  of  the 
island.  It  is  now  possible  to  pass  from  one  to  the  other 
of  these  cities  only  by  boat  or  by  railroad.  Highways 
radiating  from  \arious  metropolitan  centers  go  but  a  few 
miles  from  their  central  starting  points.  The  construction 
of  this  main  highway  route,  with  its  many  side  roads  and 
ramifications  will  open  up  the  island  as  no  railroad  can. 
The  automoliile  trip  from  Havana  to  Santiago  will  be 
one  of  splendid  views,  a  fine  experience,  and  a  trip  long 
to  be  remembered.  From  the  economic  viewpoint  it  will 
ilo  much  for  the  island,  making  the  farm-to-market  move- 
ment of  products  easier  and  more  economical  and  will 
probably  result  in  a  reduction  of  the  cost  of  living. 

Highways  to  feed  state-owned  railroads  is  the  policy 
of  the  CTOvernment  of  Siam.  There  are  so  few  roads  in 
Siam  that  it  is  not  possible  to  leave  the  city  limits  of 
Bangkok  by  highway  and  travel  is  restricted  to  canals  and 
railroads.  The  only  Siamese  highways  are  those  located 
at  the  ends  of  the  railroads  near  the  international  borders. 
The  policy  of  other  governments  to  construct  highways 
to  open  their  countries  is  not  followed  in  Siam  as  the 
government  owns  and  operates  the  railroads  and  jealously 
guards  them  from  competition  or  the  possibility  of  com 
petition  in  transportation.  The  railroads  of  Siam  need 
not  fear  the  bus  or  the  automobile  for  there  are  no  facili- 
ties for  such  com]ietitors  to  operate  except  to  feed  the 
railroads. 

Colombia,  in  South  America,  is  an  undeveloped 
country  much  in  need  of  a  highway  to  make  its  beautiful 
capital,  Bogota,  accessible.  Today  it  is  possible  to  reach 
Bogota  only  by  aeroplane  or  by  a  tedious  ten-day  journev 
up  the  Magdalena  River  by  boat,  rail,  and  horses.    There 
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are  few,  if  any,  highways  of  consequence  in  Colombia  or 
any  of  the  Central  American  republics;  there  is  much  for 
the  highway  engineer  to  do. 

Asphalt  is  a  popular  material  for  paving  streets  in 
tropical  countries.  It  can  be  laid  successfully  in  hot 
weather  and  it  can  be  so  proportioned  that  even  under 
the  vertical  rays  of  the  nearb\  tropical  sun  the  pavement 
neither  softens,  ruts,  nor  clings  to  the  feet  of  the  pedes- 
trian. 
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Sewerage 

Outside  of  continental  United  States  and  Europe  the 
principal  works  of  sewerage  construction  are  located  in 
Hawaii,  Japan,  and  Australia.  Sewer  construction  is 
one  of  the  minor  activities  of  the  pubHc  works  engineer 
when  compared  \\ith  his  activities  in  water  works  con- 
struction but  the  pressure  of  demand  for  sanitation  is 
increasing  everywhere  so  that  sewerage  work  promises  to 
be  one  of  the  greater  activities  of  the  future  wlien  other 
municipal    facilities  are  provided. 

Main  and  intercepting  sewers  and  sewerage  works 
for  Honolulu  are  designed  and  constructed  under  the 
territorial  commissioner  of  public  works.  The  city  pays 
for  the  work,  designs  and  installs  all  small  sewers,  and 
maintains  and  operates  all  sewerage  works.  Sewerage 
facilities  are  unavailable  in  the  greater  portion  of  the 
city.  Unsewered  sections  exist  in  low-hing  territory  and 
in  recent  additions  to  the  city.  These  districts  are  pro- 
vided with  cesspools  of  which  the  leeching  action  is  some- 
times slow,  due  to  the  imperviousness  of  the  soil,  neces- 
sitating frequent  pumping  out  of  the  cesspools.  This 
pumping  is  done  by  the  city  without  charge  to  the  house- 
holder. In  order  to  diminish  the  expense  of  pumping 
and  to  provide  sewers  for  the  entire  city  a  comprehensive 
system  of  intercepting  and  supplementary  sewers  is  imder 
construction.  The  largest  piece  of  sewer  construction 
comprises  about  19,000  feet  of  sewer  four  feet  wide  by 
five  feet  high  all,  except  a  short  section,  being  constructed 
in  tunnel.  The  principal  material  penetrated  is  a  soft 
volcanic  rock  which  is  dry,  contains  no  gases,  and  re- 
quires little  or  no  timbering.  The  cover  over  the  tunnel 
varies  between  8  feet  and  60  feet.  The  bottom  of  the 
main  interceptor  is  almost  flat  and,  along  the  greater 
part  of  its  length,  it  is  provided  with  a  cunette  to  care  for 
the  low  flows  which  are  anticipated  at  the  start. 

The  sewerage  system  is  being  constructed  in  ac- 
cordance with  a  modification  of  a  plan  by  Rudolph  Her- 
ing  in  1897.  Hering's  original  plan  has  been  greatly 
outgrown  but  the  principle  which  he  established,  that 
no  sewage  should  pollute  the  harbors  or  beaches,  is  ad- 
hered to.  The  main  outfall  sewer  consists  of  about  2,000 
feet  of  submerged  48-inch  cast  iron  pipe  which  terminates 
beyond  the  reef  at  a  depth  of  60  feet.  This  outfall  was 
constructed  in  1926. 

In  the  design  of  water  and  sewerage  works  the 
Japanese  have  followed  and  are  abreast  with  western 
engineering  practice.  Their  designs  have  been  made 
through  the  skijl  of  Japanese  engineers  based  upon  studies 
of  and  inspections  of  European  and  American  works. 
The  results  obtained  are  object  lessons  of  what  can  be 
accomplished  in  engineering  design  by  study,  observation, 
initiative,  and  boldness.  The  principal  cities  of  Japan 
include  Osaka,  the  largest  with  a  popidation  of  2,408,000, 
Tokyo,  K\oto,  Kobe,  Yokahama,  and  Nagoya,  the  last- 
named  with  a  population  of  about  500,000.  Each  of  these 
cities  is  provided  with  an  excellent  water  works  supph- 
ing  practically  the  entire  city  with  filtered  water  whicli 
meets  the  standards  of  the  United  States  public  health 
service  in  quality.  Each  city  is  likewi.se  either  equipped 
with  or  is  in  the  process  of  constructing  a  .sewer  system 
which  will  serve  the  entire  city  and  a  sewage  treatment 
plant  which  will  prevent  the  pollution  of  streams  or 
harbors.  The  conditions  in  Tokxo,  the  capital  and  be- 
loved city  of  the  Empire,  are  indicative  of  the  Japanese 
ideal  in  sanitation. 

The  sewerage  system  of  Tokxo  is  divided  into  tiiree 
districts  with  separate  outlets  and  treatment  plants.  I  he 
district  draining  to  the  Mikawashima  treatment  works 
drains  northwards  and  inland,  discharging  into  the 
Sumida  ri\er  which  flows  into  the  proiiosed   new  Jiarbor. 


The  sewerage  of  this  district  was  completed  in  1921  and 
the  treatment  plant  has  been  in  operation  for  more  than 
a  decade.  Complete  treatment  of  the  sewage  is  planned 
at  this  point  because  of  the  small  amount  of  dilution 
available.  The  sewerage  of  the  district  draining  to  the 
cast  into  the  Sunaniachi  treatment  plant  is  about  50  per 
cent  completed  and  practically  nothing  has  been  accom- 
plished in  the  construction  of  the  treatment  plant.  The 
effluent  from  the  plant  will  discharge  into  the  sea  out- 
side of  the  breakwater  for  the  proposed  new  harbor.  The 
sewerage  of  the  south  district  draining  to  the  Haneda 
treatment  plant  is  almost  finished.  The  effluent  will  be 
discharged  into  the  .sea  outside  of  the  proposed  new  har- 
bor so  that  the  treatment  will  not  be  complete. 

The  Mikawashima  treatment  works  include  prelimin- 
ary sedimentation  in  five  tanks  with  a  total  capacity  of 
4,410,000  gallons,  and  28  trickling  filters  in  admirable 
condition  and  well  operated.  The  filters  have  a  total 
area  of  308,000  square  feet.  There  are  two  secondary 
sedimentation  tanks  and  two  sludge  storage  tanks.     The 
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nominal  capacity  of  the  plant  is  20,700,000  gallons  per 
day,  dry-weather  flow  from  a  population  of  600,000. 
Two  experimeri'^al  activated  sludge  units  are  in  opera- 
tion. One  unit,  with  a  capacity  of  1,200,000  gallons  per 
day,  is  designed  upon  a  Sheffield  system  of  mechanical 
agitation.  The  other  unit,  with  a  capacity  of  .37,500 
gallons  per  day,  is  designed  for  operation  with  diffused 
air.  Excess  sludge  from  the  entire  plant  is  taken  to  sea 
in  sludge  boats  and  dumped.  The  Sunamachi  treatment 
works  are  situated  at  the  mouth  of  the  Shin-Ara-Kawa 
ri\er.  These  works  provide  for  sedimentation  only. 
There  are  four  sedimentation  tanks  with  a  total  capacity 
of  11,500,000  gallons  and  there  are  two  storage  reservoirs 
to  hold  the  effluent  during  flood  tide.  The  plant  has  a 
capacity  of  34,500,000  gallons  per  day,  dry-weather 
flow,  and  is  designed  to  care  for  a  population  of  670,000. 
The  construction  of  this  plant  is  now  under  way.  The 
Haneda  treatment  works  are  located  near  the  mouth  of 
the  Rokugoh  river  about  six  miles  south  of  the  city  limits. 
The  works  consist  of  screens  and  grit  chambers  followed 
by  sedimentation  tanks  with  a  total  capacity  of  26,300,- 
0()0  gallons.  The  effluent  will  be  chlorinated  before 
being  discharged  into  the  sea. 

The  sewage  farm  at  Melbourne,  Australia,  is  a  model 
and  an  object  le.sson  to  other  municipalities.  The  success- 
ful operation  of  this  farm  for  thirty  years  and  the  com- 
plete satisfaction  wirii  the  results  is  a  refutation  of  the 
idea,  sometimes  expressed,  that  the  day  of  the  sewage 
farm  has  passed.  Melbomiie  should  be  classed  with 
Paris  and  Berlin  as  among  the  woild's  great  cities  which 
(Conlinutit   (III   I'aiji-  2i) 
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Let's  Get  Up  in  the  Air 

III  this  issue  of  the  Technograph  will  be  found  an 
article  about  the  University  of  Illinois  Flying  Club,  a 
comparatively  new  organization,  but  one  with  a  great 
deal  of  initiative  and  courage.  The  members  of  this  or- 
ganization banded  together  for  the  .sole  purpose  of 
furthering  the  interests  of  aviation  on  this  campus,  and 
with  this  goal  in  mind  they  purchased  material  for  a 
glider  which  they,  themselves,  later  constructed.  A  few 
weeks  ago  a  very  satisfactory  test  flight  was  made,  with 
several  hundred  students  and  townspeople  as  enthusiastic 
spectators. 

Such  was  the  hirtii  of  student  aviation  on  this  campus. 
It  now  remains  to  keep  it  advancing  in  accord  witli  the 
speed  with  which  aviation  is  advancing  all  over  the 
world.  This  will  require  the  co-operation  of  the  Uni- 
versity. At  present  there  are  a  few  courses  in  aeronautical 
design  being  offered  by  the  department  of  mechanical 
engineering,  but  these  are  basic,  fundamental  courses, 
and  are  only  a  beginning  to  what  should  be  a  more  com- 
prehensive study  of  aviation  principles.  Courses  should 
be  offered  by  the  University  which  would  embrace  the 
design  of  wings  and  fuselage,  the  design  and  use  of  in- 
struments, radio  control  of  airplanes,  the  design  and 
maintenance  of  airplane  motors,  the  theory  of  flight,  a 
study  of  the  air  traffic  regulations,  and  possibh  a  little 
study  in  lighter-than-air  craft. 

Such  a  course  of  study  covdd  be  coordinated  with  the 
Flying  Club  in  such  a  -way  that  the  students  would  re- 
ceive some  experience  at  the  controls  of  the  glider. 

In  this  way,  the  University  of  Illinois  would  have  an 
aeronautics  cour.se  that  would  compare  favorably  with 
that  of  any  other  university  in  the  country. 

We  are  not  advocating  that  students  actually  learn 
to  fly.  Such  proceeding  wovdd  be  extremely  expensive. 
and  the  big  field  in  aviation  is  in  the  design  and  en- 
gineering of  airplanes  rather  than  their  operation.  It  is 
only  logical  to  suppose,  that  in  due  time,  the  part  of  the 
airplane  pilot  will  compare  with  that  of  the  chauffeur 
or  motorman  of  today. 

It  is  hard  to  tell  when  this  look  into  the  future,  this 
dream,  so  to  speak,  will  materiali/c.  It  cannot  be  .i 
reality  through  the  efforts  of  the  Flying  Club  alone;  it 
must  have  the  support  of  the  University.  When  tiiat 
time  comes,  students  from  the  University  of  Illinois  will 
be  able  to  step  out  and  take  their  place  in  an  industr\ 


that  promises  to  approach  the  size  of  the  automobile  in- 
dustry. For  the  present  we  shall  watch  the  activities 
and  progress  of  the  Flying  Club,  and  extend  to  them  our 
congratulations  for  starting  a  movement  which  we  hope 
to  see  assume  larger  proportions  on  this  campus. 

— H.  D. 


The  "Broadwalk"  of  the  Engineer 

When  in  the  course  of  human  events  the  class  of  '31 
graduates  and  it  becomes  necessary  for  said  engineers  to 
get  out  of  the  nest  and  do  their  own  scratching  their 
claws  will  have  been  sharpened  by  an  exposure  to  en- 
gineering. This  exposure  will  have  consisted  of  calculus, 
physics,  physical  education,  and  upper  class  specialized 
courses.  However  the  finishing,  grinding,  and  polishing 
conies  with  the  extra-curricular  subjects,  and  it  is  neces- 
sary nowadays  that  the  course  be  broadened  by  electives 
in  economics,  psychology,  and  English.  Typing,  short- 
hand, and  accountancy  are  coming  to  be  considered  as 
very  essential. 

To  illustrate  the  importance  of  these  last  three: 
About  three  weeks  ago  there  came  a  vacancy  in  an  office 
of  a  public  utilities  company  in  Chicago.  This  opening 
happened  to  be  that  of  secretary  to  the  assistant  of  the 
jiresident.  The  work  consisted,  more  or  less,  of  stenogra- 
phy, but  required  a  yoimg  man  with  college  training, 
an  engineer  if  possible.  The  employment  department 
searched  the  rank  and  file  of  the  company  for  men  who 
could  type  well  and  take  shorthand.  Many  intelligent, 
fine  appearing  college  men  were  considered,  but  in  every 
case  they  could  not  type  or  take  dictation.  Finally,  one 
was  found  who  could  do  these  tasks,  and  although  he 
was  not  as  quick  to  understand  as  some  of  the  others, 
he  was  chosen.  He  probably  isn't  earning  any  more  now 
than  the  others,  but  he  is  in  the  best  of  surroundings,  and 
has  an  opportunity  to  gain  an  unexcelled  inside  knowl- 
edge of  the  business.  He  will  then  be  in  line  for  a  much 
better  position  than  the  others. 

And  now  one  wonders  what  is  to  be  done.  It  seems 
that  an  optional  five  year  course  in  engineering  might 
he  an  aid.  To  some  it  is  absolutely  uneconomical  to 
spend  five  years  in  the  university;  others  have  time  and 
money  and  to  those  this  option  would  be  advantageous. 
It  often  times  happens  that  a  student  becomes  especially 
interested  in  a  certain  course,  and  if  he  had  more  time 
he  could  indulge  these  interests.    Then,  subjects  that  are 
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only  touched  upon  now  could  be  gone  into  more  thorough- 
ly. This  also  would  afford  time  for  the  extra-curricular 
subjects  above  mentioned.  As  it  is  now.  so  many  in- 
teresting problems  are  jammed  into  a  small  period  of  time 
that  the  conscientious  student  becomes  disturbed  because 
of  the  fact  that  he  has  not  time  to  get  each  one  thorough- 
ly and  learn  as  much  as  possible  about  that  particular 
question. 

Thus  the  optional  five  year  course  in  engineering 
would  enrich  not  only  the  conscientious  man  with  the 
time  for  extensive  study  and  outside  courses,  but  the  L  ni- 
versitv  as  well  bv  attracting  that  sort  of  person. 

—A.  R.  G. 


Again  the  J  aliic  of  Writing 

The  essay  which  has  just  won  the  Schaefer  contest 
was  truly  deserving  of  the  award  over  a  much  larger 
group  of  compositions  than  was  entered.  Last  year  there 
was  serious  talk  of  discontinuing  the  contest  for  lack  of 
interest,  but  it  was  decided  to  try  again,  and  thirteen 
manuscripts  were  submitted — a  number  which  seemed 
to  indicate  a  sufficient  interest  to  make  the  contest  worth- 
while.   This  year  the  number  has  dropped  again  to  three. 

Reasons  for  such  a  competition  are  so  apparent  and 
have  been  stressed  so  repeatedly  that  it  is  trite  to  bring 
them  to  the  fore  again.  Suffice  it  to  .say  that  we  fear 
many  engineers  are  going  to  come  \ery  nearly  to  middle 
age  before  they  learn  to  their  great  surprise — like  M. 
Jourdain  in  Molieres  comedy — that  they  have  been 
speaking  prose  for  forty  years  and  never  knew  it.  About 
the  same  time  of  life  they  may  realize  that  the  main 
difference  between  the  man  in  the  back  office  and  the 
one  with  his  name  on  the  door  is  the  ability  to  translate 
ideas  into  words.  It  is  sad.  but  true,  that  the  public 
places  greatest  reliance  on  that  engineer  who  can  best 
describe  to  it  the  work  he  is  doing.  A  one-carat  diamond 
with  a  good  polish  outvalues  a  two-carat  stone  in  the 
rough. 


A  Foiuth  Dimension  for  Engineers 

With  the  Einsteinian  complex  sweeping  the  country, 
and  the  Phi  Betes  talking  learnedly  of  reference  planes 
and  other  strange  creatures,  the  proposal  of  a  brand  new 
fourth  dimension,  quite  within  the  reach  of  us  poor  en- 
gineers, is  quite  timely. 

N.  E.  Bauzenberger,  writing  in  the  Pcnn  State  En- 
gineer, suggests  that  it  is  quite  as  indispensible  in  design 
as  the  ordinary  three  dimensions  of  length,  breadth,  and 
depth.  It  is  the  human  element — the  appeal — in  design. 
He  goes  on  to  say: 

"Without  it  life  is  lacking,  and  it  (the  design)  be- 
comes no  more  than  the  mathematical  problem.  With  it, 
it  posses.ses  an  appeal  almost  indefinable.  .  .  .  While  one 
must  see  that  a  museum  is  a  museum,  or  that  a  church 
is  a  church,  he  must  do  still  more;  he  must  feel  that.  .  .  . 

"...  Not  the  mere  materials,  nor  the  design  in  itself, 
make  the  biulding.  It  must  possess  life.  It  must  appeal 
to  those  who  use  it.  by  arousing  a  feeling  coordinate  with 
its  intended  use.  .  .  .  This  feeling  must  not  be  looked 
for;  it  must  be  impregnated  in  the  building  and  its  atmo- 
sphere. .  .  ." 

Primarily  of  course  this  fourth  dimension  is  the  con- 
cern of  the  architect.  But  should  it  not  to  some  degree 
affect  everything  the  hand  of  the  engineer  touches,  from 
the  design  of  a  highway  curve  to  that  of  a  gigantic  power 
station  ? 


A  Universal  Language 

On  perusing  Prof.  Babbitt's  interesting  account  of 
wanderings  through  "uncivih'zed"  parts  of  the  earth  we 
are  impressed  with  the  statement  that  "there  is  a  camara- 
derie among  engineers  which  binds  them  into  a  fraternity 
of  friendly  understanding  and  .  .  .  breaks  down  racial 
bounds  and  international  jealousies." 

So  vast  are  the  engineering  achievements  of  our  own 
country  that  we  are  likely  to  think  slightingly  of  engi- 
neering skill  abroad,  yet  we  find  bridges  in  Australia, 
dams  in  Egypt,  irrigation  works  in  Java,  railroads  every- 
where, that  rival  or  excel  similar  structures  at  home.  We 
find  Belgium,  with  its  model  studies,  ahead  of  us  in 
hydraulic  research;  Mexican  engineers  attacking  their 
most  serious  problem — foundations — may  in  a  iew  years 
be  the  world  authorities  on  that  subject. 

And  so  it  goes.  There  is  no  national  monopoly  on 
scientific  skill,  and  there  are  no  embargoes  on  the  results 
of  research.  Engineers  speak  a  universal  language.  A 
world  \iewpoint  is  paramoiuit  for  success. 


Snap  Out  of  It! 

(A  student's  opinion) 

For  some  unknown  reason  many  engineers  have  the 
impression  that  they  are  the  object  of  ridicule  by  the 
students  on  the  South-of-Green  campus.  In  fact,  one 
engineering  student  went  so  far  as  to  write  an  article, 
printed  in  the  February  issue  of  the  Technograph,  in 
which  he  made  a  plea  that  engineering  students  be  given 
"more  praise  and  less  ridicule"  from  the  L.  A.  and  S. 
students. 

In  our  opinion,  and  we  speak  as  one  who  was  at  one 
time  enrolled  in  a  general  college  course,  the  belief  among 
engineers  that  they  are  ridiculed  by  the  students  of  other 
departments  is  entirely  without  foundation  and  is  the 
product  of  imagination. 

The  tragedy  of  the  whole  situation  is  that  many  en- 
gineers have  imagined  themsehes  to  be  ridiculed  to  such 
an  extent  that  they  have  developed  an  enormous  inferiority 
complex.  A  little  inferiority  complex  is  a  good  thing  to 
have,  for  it  is  an  antidote  for  conceit,  and  no  conceited 
man  is  admired  to  any  great  extent.  However,  when  a 
certain  group  of  students  feel  that  they  are  so  inferior 
that  they  have  to  beg  for  praise,  it  is  time  that  someone 
should  try  to  alter  their  point  of  view. 

An  engineer  should  nor  feel  that  he  lacks  culture. 
If  he  does,  that  is  his  fault  and  not  the  fault  of  his 
chosen  profession.  Culture  is  the  result  of  reading  good 
books,  books  on  history,  art,  literature,  and  etiquette,  and 
there  is  no  law  that  prohibits  the  engineer  from  so  doing. 
Culture  is  a  savoir-faire  that  goes  with  being  a  gentle- 
man, and  engineers  can  acquire  it  as  easily  as  anyone  else. 

The  engineer  has  a  highly  developed  mind  ;  he  is  one 
of  a  profession  that  has  done  much  in  making  this  world 
a  pleasant  place  in  which  to  live,  he  is  ever  striving  to 
make  it  a  still  better  place  in  which  to  live,  and  he  can 
acquire  any  degree  of  culture  that  he  desires.  Isn't  it 
absurd,  then,  for  an  engineer  to  have  an  inferiority  com- 
plex? He  has  no  need  to  beg  for  praise;  he  is  deserving 
of  it. 

Let  the  engineer  banish  his  inferiority  complex;  let 
him  stand  erect  with  shoulders  back,  and  be  proud  that 
he  is  an  engineer!  — (]onlri//iiled. 
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NOTES 


r.  and  A.  M.  Ucpartmcnt 

Prof.  H.  F.  Moore  will  supervise  the 
investigation  and  research  work  on  the 
causes  of  defects  in  rails,  a  co-operative 
investigation  liy  the  Engineering  Experi- 
ment Station,  the  American  Railway  As- 
sociation and  the  Rail  Manufacturers 
Technical  committee.  This  will  be  a 
gigantic  investigation  costing  aliout  $2i0,- 
000  and  extending  through  a  period  of 
five  years. 

Prof.  Moore  has  had  much  experience 
in  this  type  of  investigation.  He  has  de- 
signed a  special  testing  machine  which  at 
present  is  being  used  in  the  T.  and  .\.  M. 
Laboratory  on  a  similar  investigation 
carried  on  the  last  two  years  in  co-opera- 
tion with  another  organization. 

It  is  planned  to  construct  a  much  larger 
testing  machine  capable  of  handling  the 
extensive  testing  necessary  in  the  investi- 
gation. 

Prof.  H.  R.  Thomas  will  assist  Prof. 
Moore  at  first  and  later  several  more  as- 
sistants  will    be    added. 

Prof.  Thomas  has  also  had  previous 
experience  in  this  type  of  investigation 
and  during  the  past  month  has  visited 
several  steel  plants  to  inspect  the  rolling 
of  test  specimens  to  be  used  in  the  in- 
vestigation. 

Thomas  F.  WoTfe,  research  engineer  for 
the  Cast  Iron  Pipe  Research  organization 
and  J.  R.  Dangler,  secretary  of  the  de- 
velopment committee  of  the  association, 
visited  the  T.  and  A.  M.  laboratory, 
March  16,  to  witness  tests  being  made  on 
Cast   Iron   pipe  by  Prof.  M.  L.   Enger. 

The  bursting  pressure  of  large  cast  iriiu 
pipe  is  being  determined — V's,  crosses  and 
elbows  in  24  inch  and  36  inch  sizes  are  to 
be  broken  b\"  excessive  \vater  pressure. 

Prof.  Moore,  Prof.  Richart  and  Prof. 
Talbott  attended  the  meeting  of  the  .\.  S. 
T.  M.  held  in  Pittsburg  the  week  of 
March  16. 

Prog.  F.nger  attended  the  meeting  of 
the  sectional  committee  on  Specifications 
for  Cast  Iron  Pipe.  This  committee  has 
been  organized  by  the  .American  Standards 
Association  and  is  sponsored  by  the 
American  C5as  Association,  the  American 
Water  Works  Association,  the  .\.  S.  T. 
M.  and  the  New  England  Water  Works 
Association. 

The  committee  meets  annually  in  Xeiv 
York.  Prof.  Enger  is  the  chairman  of  the 
committee. 

The  wall  investigation  is  progressing 
rapidly  with  the  erection  of  several  large 
and  small  wall  panels  of  both  sand  and 
haydite  aggregate  concrete  blocks. 


Electrical  Enjiineerinj* 

Prof.  E.  B.  Paine,  head  nf  the  depart- 
ment of  electrical  engineering,  recently 
finished  a  course  of  lectures,  given  in  Chi- 
cago under  the  auspices  of  various  en- 
gineering societies  and  the  L'niversity  of 
Chicago.    The  lectures  were  given  weekl> 


b\  I'rot.  I'.iinc  and  were  offered  as  a 
graduate  extension  course  by  the  univer- 
sity. The  subject  of  the  course  was 
"Circuit  Theory  and  Electrical  Transient 
Phenomena"  and  approximately  fifty 
graduate  engineers  were  enrolled. 

I'he  members  of  the  electrical  engineer- 
ing class  of  '21  met  for  a  reunion  ban- 
(luet  March  5th,  held  at  the  Sherman 
hotel  in  Chicago.  The  members  who  were 
unable  to  attend  sent  letters  which  were 
read  to  those  present.  During  the  course 
of  the  banquet  each  was  called  upon  to 
relate  what  he  had  been  doing  during  the 
ten  years  following  graduation. 

The  I'rbana  section  of  A.  I.  E.  E.  and 
the  I  niversity  of  Illinois  A.  I.  E.  E.  held 
a  joint  meeting  March  11.  W.  W.  Rus- 
sell, Inductive  Coordinate  Engineer  of  the 
Illinois  Bell  Telephone  Company,  gave  an 
illustrated  talk  on  the  inductive  interfer- 
ence in  telephone  circuits.  A  demonstra- 
tion of  some  nf  the  factors  affecting  noise 
in  telephone  circuits  paralleled  with  power 
circuits  was  made  by  setting  up  a  20  foot 
miniature  exposure  with  associated  power 
and   telephone   apparatus. 

The  desirability  of  belonging  to  a 
large  organization  was  recognized  by  the 
electrical  engineering  society  last  semester 
at  which  time  they  became  a  member  of 
the  .American  Institute  of  Electrical  En- 
gineers. The  functions  of  the  society'  are 
the  same,  but  the  affiliation  with  the 
larger  organization  has  given  it  a  much 
broader  scope  and  contact  with  other  en- 
gineering organizations  and  developments. 
At  present  there  are  about  100  members 
in  the  local  branch.  The  following  officers 
were  elected  during  a  meeting  held  Febru- 
ary 18:  president,  W.  P.  Burghmd;  vice- 
president,  F.  M.  Decrhake ;  secretary,  G. 
L.  Bodwell;  treasurer,  R.  R.  Wood; 
counselor,   C.   E.   Skroder. 

A  motion  picture  showing  the  electrifi- 
cation of  the  Canadian  Pacific  railroad 
was  the  feature  of  the  last  meeting  of  the 
student  branch  of  the  \.  I.  E.  E.  Wednes- 
day,  April   8. 

Plans  for  a  trip  to  Rose  Polytechnic,  at 
Terre  Haute,  were  discussed.  Mr. 
Schroder,  councilor  for  the  student  branch, 
told  of  previous  joint  meetings  with  Rose 
Polytechnic,  and  Purdue  here  two  years 
ago  and  at  Purdue  last  year.  All  elec- 
trical engineers  are  invited  to  make  the 
trip. 


M.  E,  Department 

Professor  A.  C.  Williard  was  the  guest 
of  honor  and  principal  speaker  at  the 
March  meeting  of  the  Illinois  Chapter  of 
the  .American  Society  of  Heating  and 
\'entilating  Engineers.  The  meeting  was 
held  at  the  Hotel  Sherman  in  Chicago, 
March  9,  1931.  The  subject  of  his  talk 
was  "The  \'entilation  Investigation  for 
the  new  Chicago  Subways."  The  work 
being  done  in  the  M.  E.  Laboratories  is 
rapidly  progressing. 

The  paper  on  "Volumetric  Efficiency  nf 
a   \'ertical   Single-Acting  Ammonia   Com- 


pressor" by  J.  C.  Reed  and  E.  E.  Am- 
brosius,  which  received  first  prize  from 
the  American  Society  of  Refrigerating  En- 
gineers in  New  \ork  last  December,  has 
been  printed  in  the  March  issue  of  Re- 
frigerating Engineering.  The  article  con- 
tains several  pictures  of  the  I",  of  I.  M. 
E.  laboratory,  where  the  experiments  were 
performed,  and  also  pictures  of  both  Reed 
and  Ambrosius. 

Three  new  bulletins,  by  men  from  the 
M.  E.  department,  have  been  released  by 
the  Engineering  Experiment  Station.  They 
are: 

a.  "Investigation  of  Various  Factors 
.Affecting  the  Heating  of  Rooms  with 
Direct  Steam  Radiators"  in  co-operation 
with  the  "Institute  of  Boiler  and  Radiator 
Manufactures"  and  the  "Illinois  Master 
Plumbers  Association."  The  authors  are 
A.  C.  Willard,  A.  P.  Kratz,  M.  K. 
Fahenstock  and  Seichi  Konzo. 

b.  "An  Investigation  of  Core  Oils  '  by 
Carl    H.   Casberg  and   Carl   E.   Shubert. 

c.  "Flow  of  Liquids  in  Pipes  of 
Circular  and  Annuar  Cross-Sections"  by 
.A.  P.  Kratz,  H.  J.  Macintire  and  R.  E. 
Gould. 

An  interested  croud  viewed  the  exhibits 
in  the  M.  E.  Laboratory  during  the  En- 
gineering show  Saturday,  March  14.  The 
exhibits  which  attracted  the  most  atten- 
tion were  the  display  chassis  of  various 
stock  automobiles,  the  different  steam  and 
gas  engines  in  operation  and  the  "Warm 
air  furnace  testing  plant." 

.At  a  meeting  of  the  student  chapter  of 
the  A.  S.  M.  E.  March  11,  Mr.  C.  L. 
Cummins,  of  the  Cummins  Engine  Co.  at 
Columbus,  Indiana,  gave  a  talk  on  modern 
design  of  Diesel  engines.  His  talk,  which 
was  extremely  interesting,  covered  the 
design  of  small  units  for  use  in  motor 
trucks. 


Engineering  Societies 

Of  the  ten  schools  in  the  United  States 
having  Signal  Corps  Units  eight  have 
chapters  of  Pi  Tau  Pi  Sigma.  Those  eight 
schools  are:  Illinois,  Wisconsin,  Ohio, 
Minnesota,  Michigan,  Carnegie  Tech., 
Boston  Tech  and  Cornell.  The  following 
tnen  who  were  pledged  February  26  are 
to  be  initiated  soon.  Thev  are:  R.  B. 
Bean,  .A.  E.  Loomis,  G.  B.'  Ross,  E.  M. 
Shaudt,  R.  E.  Stewart,  E.  C.  Goodrich,  R. 
E.  Wendahl,  R.  K.  Williams,  C.  R.  Wad- 
lev,  M.  E.  Rada,  C.  S.  Steel,  T.  T.  Lund- 
berg,  C.  E.  Pritz,  .A.  S.  Leonard,  J.  N. 
Nash  and  W.  G.  Danielson.  At  a  busi- 
ness meeting  held  March  12,  plans  were 
made  for  a  Radio  party  to  be  held  the 
middle  of  April.  It  will  be  a  no\'elty 
party  and  will  have  the  appearance  of  a 
remote  control   broadcast. 

There  was  an  exceptionally  fine  turn- 
out for  the  M.  E.  banquet,  sponsored 
jointly  by  the  .A.  S.  M.  E.  and  Pi  Tau 
Sigma,  with  110  men  attending.  Prof.  C. 
C.  Wiley,  of  the  C.  E.  Department,  gave 
a    very   entertaining   talk. 
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Pledging  ceremonies  for  Keramos  were 
held  March  19  at  the  Delta  Chi  fraternity 
house.  The  following  men  were  pledged: 
K.  n.  Atkins  '31,  E.  C.  Bourne  '32,  C 
Burton  '32,  H.  Burton  '32.  \V.  A.  ncringcr 
'32,  II.  D.  Frankel  '32,  W.  Horak  '32,  Ci. 
K.  Lowe  '32,  C;.  Moore  '32,  S.  M.  Slater 
•31,  R.  Slaughter  '32,  T.  H.  Thomas  '31, 
I..  Trabcrt  '32,  F.  R.  Matson  '33,  R.  J. 
Whitesell  '33  and  L.  Mitchell,  grad. 
Following  the  pledging  ceremony.  Prof. 
Rexford  Ncwcomli  of  the  .Architecture  De- 
partment gave  an  illustrated  talk  on  the 
use  and  history  of  ceramics  products  in 
architectural    desigjis. 

Keramos  announces  the  award  of  mem- 
bership in  the  American  Ceramic  Society 
to  Robert  Whitesell  "33.  This  award  is 
given  annually  to  the  sophomore  in 
ceramics  who  during  his  first  year,  has 
attained  the  highest  scholarship  in  his 
class. 

The  officers  elected  for  this  semester 
are:  president,  K.  C.  Lyon;  vice-president, 
R.  C.  Conovcr;  and  secretary-treasurer, 
W.   J.   Plankenhorn. 


Elsewhere  in  this  issue  you  may  read  of 
Mr.  Harrison  P.  F.ddy's  visit  to  the  cam- 
pus. He  is  a  member  of  Metcalf  and 
Eddy,  consulting  engineers.  Mr.  F.dd\ 
ranks  high  among  the  world's  sanitary  en- 
gineers. Mu  San  has  the  honor  to  an- 
nounce that  Mr.  Eddy  was  initiated  into 
the  fraternity  while  he  was  a  visitor  on 
the  campus. 


Delta  chapter  of  Sigma  Phi  Delta,  or- 
ganized here  in  1927-28,  was  recently  ad- 
mitted  into  the   Interfraternity  council. 

Back  in  1927,  George  .Atkinson,  Frank 
Kochis,  Dick  Larsen,  Lynn  Pickett,  W 
Wells,  Don  Brown  and  CJordon  Brown, 
among  others,  realized  the  necessity  for  a 
professional-social  engineering  fraternity 
here  on  the  campus.  They  petitioned  to 
Sigma  Phi  Delta,  which  originated  at  the 
University  of  Southern  California,  for  a 
charter.  Since  Delta  chapter  was  organ- 
ized, it  has  enjoyed  growth  and  success. 
The  fraternity  has  also  expanded  nation- 
ally, consisting  of  seven  chapters,  and  a 
proposed  chapter  at  Marquette  University 
in   Milwaukee. 

Prof.  J.  K.  Tuthill,  of  the  railway  en- 
gineering department,  was  recently  in- 
itiated as  a  faculty  member.  Recent 
pledges  are:  Jim  Heuer  '33,  Henry  War- 
ren '33,  Vale  Nasct  '34,  Henry  Lessler  '33 
and   Frank  Edwinson  '33. 


The  following  men  are  now  holding 
offices  in  the  Karnak  chapter  of  Scarab 
here:  W.  \'.  Kaeser,  president;  T.  L. 
Steele,  vice-president;  W.  J.  Strain, 
treasurer;  R.  Ellifrit,  secretary;  and  M. 
R.  Cothern,  sergeanl-at-arms.  The  organi- 
zation has  confined  its  activities  to  help- 
ing in  the  successful  production  and  man- 
agement of  the  Fine  .Arts  hall  and  also 
to  rushing. 


The  .\.  S.  C.  E.  has  had  as  its  guests 
two  distinguished  engineers  in  the  last 
month.  On  Fridav,  March  27,  Harrison 
P.  Eddy  of  the  firm  of  Metcalf  and  Eddy, 
consulting  sanitary  engineers  of  Boston, 
spoke  to  the  members  on  "The  Scope  of 
Public  Health  Engineering."  The  wide 
variety  of  problems  confronting  the  sani- 
tary engineer  were  explained  in  an 
effective  manner  by  describing  in  detail 
the  places  he  visited  during  the  week  past 
and  the  character  of  the  work  in  each 
place. 

Mr.  E.  A.  Hadley,  chief  engineer  of  the 
Missouri      Pacific      railroad      visited      the 


campus  on  Tuesday,  April  7.  His  address 
was  on  "The  Engineer  and  the  Railroads." 
He  pointed  out  that  industry  is  finding 
out  more  arul  more  that  engineering 
trairnng  teaches  men  to  think  clearly  and 
logically. 

I'he  student  chapter  expects  to  entertain 
the  president  of  the  American  Society  of 
Civil  Engineers,  Francis  Lee  Stuart,  on 
Fuesday,  April  28.  Montgomery  B.  Case, 
3.e.  '06  of  the  Port  of  New  York  .Author- 
ity will  be  here  on  Thursday,  .April  30. 
Fhe  Port  of  New  York  .Authority  is  re- 
sponsible for  the  building  of  the  neiv 
ffudson  River  suspension  bridge. 

Radio  City 

The  start  of  one  of  the  most  ambitious 
developments  in  America  occurred  the 
other  day  when  ground  was  broken  for 
the  Radio  City  in  New  York.  The  project 
as  told  in  the  New  York  Times  is  to 
cover  three  cit\  blocks,  and  is  to  cost 
approximately  $250,000,000.  It  is  to  be  a 
city  within  a  city.  Three  tall  sky- 
scrapers and  numerous  smaller  buildings 
will  make  up  this  unit,  which  is  built 
upon  Rockerfeller  land  in  mid-town  New 
^'ork.  The  tallest  central  building  will 
house  the  Radio  Corporation  of  .America's 
executive  offices.  National  Broadcasting 
Company's  general  offices,  and  some  thirty 
studios  for  broadcasting  and  television. 
Fhe  two  twin  buildings  which  will  flank 
this  central  building  will  be  forty-five 
story  office  buildings. 

In  one  of  the  t\vin  buildings  will  lie  a 
Radio-Keith-Orpheum  picture  theater,  and 
the  R-K-O  Corporation  offices.  In  the 
other  twin  is  the  site  of  the  R-K-O  vaude- 
ville theater  and  possibly  the  Metropolitan 
Opera  House.  The  other  of  the  more  im- 
portant buildings  will  be  an  oval  shaped 
building  of  odd  design,  which  will  house 
a  bank  and  show   rooms. 

It  is  estimated  that  125,000  tons  of 
structural  steel  will  be  necessary  to  carry 
out  the  plans,  and  that  excavations  to  the 
extent  of  dOO.OOO  cubic  yards  will  be  re- 
(juired,  but  most  persons  will  look  beyond 
such  figures  and  wonder  what  the  build- 
ing will  look  like,  and  what  ne\v  engi- 
neering ideas  are  to  be  incorporated  in 
them. 

It  is  interesting  to  note  that  the  first 
fifteen  stories  of  the  central  skvscraper 
will  be  entirelv  \\ithout  windows.  The 
plans  also  show  that  for  the  three  blocks 
there  is  to  be  a  humming  untlerground 
city.  The  transfer  point  for  the  forth- 
comiitg  sixth  a\"enue  subway  will  bring 
people  to  this  underground  merchant  mart. 
I'he  fifteen  stories  without  windows  will 
naturally  have  stage  windows  to  break 
the  bareness  of  the   wall. 

On  further  study  of  the  plans  one  is 
struck  by  the  fact  that  the  engineer,  whose 
goal  is  utility,  has  emerged  with  the 
architect  to  a  greater  extent  than  ever 
before.  The  engineer  has  had  more  to  say 
in  the  plans  than  the  architect.  The 
historical  feud  which  has  been  going  on 
for  years  between  architect  and  engineer 
seems  to  have  almost  died  out,  now  that 
the  architect  considers  utility  as  a  funda- 
mental. 

In  the  first  place,  the  engineers  and 
architects  have  plarnied  this  city  so  that 
it  may  have  the  maximum  of  fresh  air 
and  light.  Elsewhere  in  New  ^'ork  a 
building  must  rise  up  like  a  mighty  pine 
in  a  forest  in  order  that  it  may  stick  its 
head  above  the  rest  of  the  trees  to  get 
air  and  sun-light.  Not  so  in  Radio  City; 
the  arrangement  of  the  buildings  will  take 
care    of    that.      The    individual    buildings 


are  to  be  so  placed  as  not  to  cut  off  one 
another's  light  and  air.  The  proportion  of 
winodws  in  them  will  be  considerably 
larger  than  in  an  older  structure. 
Windows,  of  which  there  will  be  25,000  in 
all,  will  be  carried  as  close  to  the  ceiling 
as  the  steel  beams  will   permit. 

The  layman,  however,  will  be  more  in- 
terested with  the  fifteen  stories  without 
windows  than  all  the  25,000.  The  oddity 
comes  in  this  way:  the  National  Broad- 
casting Company  is  to  occupy  the  lower 
fifteen  stories,  and  for  its  purpose,  the  air 
in  that  section  will  have  to  be  "condi- 
tioned." It  is  to  be  heated  in  winter  and 
cooled  in  summer  with  just  the  right 
amount  of  moisture  at  all  times.  There- 
fore in  summer  the  air  will  not  be  just 
cooled,  because  the  cooling  of  warm  air 
usually  results  in  precipitation  of  the  ex- 
cess moisture,  which  causes  claimiiiess.  In 
order  to  overcome  this,  the  warm  air  will 
be  passed  through  ice  cold  showers  so  that 
the  water  will  absorb  the  excess  moisture. 
It  is  calculated  that  1,200  to  1,500  tons 
of  ice  a  day  will  be  necessary  to  produce 
the  cold   spray. 

The  method  by  which  the  studios  arc 
made  soundproof  is  almost  as  interesting 
as  the  method  of  conditioning  the  air. 
There  are  twenty-seven  studios  of  two 
different  sizes,  the  smaller  ones  extending 
through  two  stories,  and  the  larger 
through  three.  The  reason  for  so  many 
studios  is  not,  of  course,  that  they  are  ac- 
tually needed  for  broadcasting  in  any 
single  program,  but  an  immense  amount 
of  rehersal  is  necessary,  and  it  takes  time 
to  fix  up  a  studio  for  broadcasting  a  given 
program.  ^^'alls  and  ceilings  must  be 
draped  just  right  to  acquire  the  correct 
acoustics    for   a    particular   performance. 

In  order  to  insulate  these  studios  from 
sound,  each  studio  is  to  be  floated  within 
another  room.  To  do  this  the  inside 
chamber  will  be  suspended  within  the 
outer  by  means  of  wires,  and  secured  by 
spring  clips,  and  rubber  and  felt  insula- 
tion. Sound  absorbtion  will  be  equally 
as  good  in  the  doors  and  the  interior 
windows.  The  doors  will  be  leaden,  two 
and  one-half  inches  thick,  and  the 
windows  will  have  three  pains,  set  in 
rubber. 

The  heating  of  a  tall  buildings  presents 
quite  a  big  problem.  A  skyscraper  forms 
a  regular  chimney  for  the  raising  of  warm 
air.  Hot  air  rises  up  the  elevator  shafts, 
and  cold  air  seeps  in  through  the 
windows.  This  causes  the  lower  floors 
to  become  chilly,  while  the  upper  ones  are 
overheated.  In  order  to  prevent  such  an 
air  stream,  a  weather  stripping  ccmsisting 
of  two  rows  of  flexible  zinc  will  be  used. 
As  the  pressure  becomes  greater  the  zinc 
will  compress  more,  thus  shutting  off  the 
draft. 

One  of  the  oddities  of  this  group  will 
be  the  oval-shaped  building,  which  is  sit- 
uated on  Fifth  avenue.  Its  shape  is 
especially  designed  to  give  a  better  view 
of  the  main  building,  as  well  as  to  allow 
more  light  and  air  to  penetrate  the  group. 
Shop  windows  will  extend  all  around  it, 
thus  giving  it  a  maximum  of  show 
windows.  In  the  heart  of  this  hat  box 
is  to  be  a  bank  where  the  profits  of  the 
deevlnpment  will  be  counted.  .Although 
the  important  buildings  are  all  detached 
in  order  that  maximum  air  and  light  can 
he  had,  and  the  entire  development  will 
be  divided  ofl^  into  three  blocks,  there  will 
be  a  certain  degree  of  continuity,  as  all 
of  the  buildings  will  be  of  one  color 
scheme,  and  there  will  be  a  definite  sym- 
metry  in    their    placements. 
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(Jast  Larjfe  Door  for  Partlienon 
in  Nashville 

One  of  the  larKot  bnm/c  dciois  ever 
east  was  recently  installed  in  the  new 
PartheniMi  located  at  C'entein\ial  park, 
Nashville,  ["enn.,  and  is  described  to  us 
in  the  March  issue  of  "The  Foundry."  In 
addition  to  the  innmensity  of  the  door,  it  is 
also  notable  in  that  its  dimensions  are 
practically  the  same  as  those  of  the 
famous  door  that  swunu  in  the  entrance 
of  the  Parthenon  of  the  Acropolis,  Creece, 
many  centuries  a^o.  The  only  difference 
between  the  two  lies  in  the  fact  that  the 
original  door  was  made  of  wood,  while 
the  present  door  is  made  of  bronze  cast- 
ings. 

The  door  is  2i  feet  ftij  inches  in  height 
and  12  feet  10' !■  inches  in  width  and  is 
made  of  bronze  castings  5/16  inches  in 
thickness,  welded  and  supported  on  the 
inside  by  structural  steel.  The  ornamenta- 
tion consist  of  two  ram  heads,  the  (iorgon 
heads  and  two  lion  heads,  one  of  each 
being  placed  in  the  center  of  each  of  the 
three  panels  of  one  wing  of  the  door.  The 
special  decorations  including  those  just 
mentioned,  were  cast  by  the  lost  wax 
method. 

Eight  cast  segments,  four  to  each  wing, 
were  welded  together  and  upon  assembly 
held  in  place  by  12  inch  H  columns  and 
channels.  The  structural  members  were 
screwed  to  lugs  on  the  back  of  the  main 
casting  which  constitutes  the  front  and 
back  of  the  door.  The  eight  seginents 
fall  into  groups  according  to  size,  each 
of  the  four  larger  weighing  about  2,200 
pounds,  and  dimensions  6x16  feet,  and 
the  smaller  weighing  about  1,500  pounds 
each  and  the  size  being  6x8  feet.  The 
door  was  provided  with  a  wicket  where- 
by entrance  can  he  made  without  open- 
ing  the    entire    wing. 

The  bronze  was  composed  of  a  mixture 
of  87%  copper,  %'/r  zinc,  i%  tin  and 
2%  lead  and  was  cast  in  skin  dried 
molds.  The  sand  used  for  the  molds 
consisted  of  a  mixture  of  one-half  used 
Albany  sand,  one-fourth  new  Albany  sand 
and  one-fourth  French  sand,  the  last  also 
being  used  for  facing.  The  patterns  were 
made  of  wood  for  the  plain  sections  and 
of  metal,  mostly  of  tin  and  antimony,  for 
the  ornamental  pieces.  The  sand  was 
thoroughly  mixed  and  air  rammed  around 
the  patterns  to  obtain   good   molds. 

.\  special  built  iron  Hask  was  used  for 
the  molding,  which  together  with  the 
sand  weighed  more  than  forty  tons.  The 
largest  flask  was  8  feet  wide,  20  feet  long 
and  16  inches  deep  and  was  used  for 
molding   the   four   largest   sections. 

Considerable  difficulty  was  met  with  in 
obtaining  enough  metal  for  one  pour,  it 
being  necessary  to  have  as  much  as  3,100 
pounds  at  one  time.  Two  crucibles  having 
a  capacity  of  500  pounds  each  were  used 
in  conjunctnon  with  three  electric  furnaces 
having  a  capacity  of  1,500  pounds  each, 
making  a  total  of   5,500   pounds. 


Icnn-  large  reservoirs  located  centerl\ 
on  the  cope  \vith  sprues  ruiniing  at  an 
atigle  to  the  side  as  well  as  to  the  center 
were  used  in  pouring  the  metal.  A  run- 
ner \vas  used  around  the  edges  of  the 
casting  where  there  were  deep  flanges. 

Quick  handling  was  necessary  in  trans- 
ferring the  metal  to  the  reservoirs,  to  keep 
the  metal  as  near  the  proper  temperature 
as  possible  and  also  in  filling  the  reser- 
voirs as  simultaneously  as  possible. 

The  castings  were  made  from  shell  pat- 
terns and  hence  there  were  no  cores  used 
except  for  the  small  false  cores  used 
around  the  moldings  which  were  under- 
cut. The  castings  were  poured  late  iti  the 
dav  and  allowed  to  stand  over  night,  the 
molds  being  released  slightly,  after  pour- 
ing, to  allow   for  contraction. 

The  castings  were  dipped  in  acid  and 
gone  over  with  portable  grinders.  Much 
of  the  finishing  was  by  hand.  The  com- 
pleted door  was  finished  in  natural  lirnnzc 
and  each  wing  weighed  10  tons. 


Raising  Concrete  Slab 

The  Iowa  State  Highway  Engineers 
have  developed  a  method  of  raising  a 
settled  concrete  slab  to  its  former  elevation 
that  IS  both  uni(|ue  and  economically 
sound,  says  Construction  Methods  for 
March,    1931. 

The  uplifting  force  is  applied  on  the 
under  side  of  the  slab  by  forcing  a  wet 
mixture  of  earth  and  cement  through  holes 
drilled    in   the   slab. 

The  niachinery  consists  of  a  small  pug 
mill  which  mixes  and  feeds  the  mixture 
of  earth,  ccmeiU  and  water  into  a  two 
c\linder  pump.  A  hose  leads  from  the 
pump   to   the    hole   drilled    in    the   cement. 

■■\ctual  procedure  in  raising  a  slab  is  as 
follows:  2!/{>  inch  holes  are  drilled  in  the 
slab  from  four  to  six  feet  apart.  Earth 
and  cement  are  mixed  in  the  proportion 
of  1 :20.  Enough  water  is  then  added  to 
make  a  thin  grout-like  mixture.  The  mix- 
ture is  then  pumped  into  each  hole  to  first 
loosen  the  slab.  After  the  slab  has 
loosened  more  of  the  mixture  is  forced 
into  the  holes  and  the  slab  raised  to  grade. 
It  is  usually  necessary  to  cut  a  transverse 
expansion  joint  at  one  end  of  the  settle- 
ment before  raising  to  allow  for  the 
stjueeze. 

Forty-six  settlements  ranging  up  to  13 
inches  have  been  raised  at  the  cost  of 
98.6  cents  per  square  yard.  Although 
the  settlements  could  have  been  leveled  oft 
with  334'/'  cubic  yards  of  bituminous 
material,  the  pump  injected  705^^  cubic 
vards  of  mud  filler.  This  seems  to  indi- 
cate that  371  cubic  yards  or  52  per  cent 
of  the  filler  went  to  fill  voids  existing 
below    the   settled   slab. 

Ihe  cost  of  leveling  with  bituminous 
material  wi>uld  have  been  85  cents  per 
square  \ard  but  would  onlv  have  been  a 
temporary  measure,  jacking  up  the  slab 
and  packing  with  sarnl  would  ha\e  cost 
$1.75    per  square   yard. 


Light  Beams  Operate  Traffic 
Signals 

Traffic  control  at  the  intersections  of 
boulevards  with  streets  carrying  very  little 
traffic  is  becoming  a  more  and  more  per- 
plexing problem  to  traffic  controlling' 
bodies  and  the  police  department.  The 
ilifficulties  encountered  are  readily  seen 
when  it  is  considered  that  the  ratio  of 
major  to  minor  trafific  may  vary  from 
3:1  to  as  high  as  50:1  during  the  course 
of  a  day.  The  March  issue  of  "Electrical 
Engineering"  tells  us  that  efforts  arc  being 
made  to  perfect  automatic  devices  which 
will  give  the  major  trafl^ic  the  green  light 
at  all  times,  except  when  the  traffic  on 
the  other  intersecting  streets  require  a 
change. 

Devices  actuated  by  traffic  on  both  in- 
tersecting streets  have  been  used  in  some 
places,  but  due  to  the  fact  that  they  must 
be  carefully  designed  and  inspected  fre- 
i|uently,  they  have  not  been  given  much 
consideration.  The  control  units  are 
placed  on  the  minor  highway,  one  on  each 
side  and  directly  opposite  each  other.  One 
unit  is  simply  a  light  source,  consisting 
simply  of  a  lamp  and  parabolic  reflector, 
which  directs  the  light  on  the  control  unit 
located  on  the  other  side  of  the  street. 
In  the  first  installation  vertical  light 
beams  were  used,  but  much  difficulty  was 
experienced  with  dirt  and  grease  falling 
on  the  parts  of  the  apparatus  mounted 
below  the  street  level,  interfering  with 
their  operation.  The  other  unit  contains 
a  gridglow  photo  tube  and  the  time  relay 
apparatus.  A  lens  located  in  one  side  of 
the  unit  fncusses  the  light  beam  on  the 
phototube  which  in  turn  is  electrically 
connected  with  a  main  and  a  time  relay. 
The  relays  establish  electrical  connections 
with  a  traffic  motor  which  controls  the 
traffic  light  signals.  The  operation  of  the 
system  is  as  follows:  when  a  car  inter- 
cepts the  light  beam,  by  pulling  up  to 
a  boulevard  and  stopping,  the  light-con- 
trolled relays  and  the  time  relays  are 
pulled  up,  the  traffic  motor  starts  up,  and 
the  cycle  begins,  giving  amber  and  then 
green  light  to  the  minor  street.  However, 
if  the  light  beam  is  intercepted  only 
momentarily,  as  in  the  case  where  a  car 
turns  from  the  inajor  to  the  minor  high- 
wav,  the  time  relay  is  not  pulled  up  and 
the  signals  are  not  effected.  The  minor 
street  is  given  the  green  light  for  a  period 
of  time  considerably  smaller  than  that  of 
the  major  street,  after  which  the  signals 
are    again    automatically   changed. 

I'nusual  reliability  is  claimed  for  this 
device.  The  second  installation  was  in 
service  five  months  and  only  three  inter- 
ruptions occurred — two  of  these  due  to 
dirty  lenses  and  the  third  due  to  a  loose 
connection  in  the  wiring.  The  third  in- 
stallation has  Ifeen  in  operation  for  about 
:i  month  aiul  no  service  interruptions  have 
occurred. 
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The  Flying  Club  Takes  the  Air 

(Conlinufd   frnm    Pai/r    6) 
this  type.     The  next  day  a  denioiistratioii  was  made  hc- 
fore  a  lar^e  crowd  on  the  artillery  drill  field  just  north 
of  the  stadium. 

The  method  of  launching  and  Hying  the  glider  de- 
scribed above  is  known  as  the  auto-tow  method  and  is 
most  suitable  for  flat  countr\'.  It  also  may  be  catapulted 
into  the  air  by  a  rubber  rope.  This  method  is  used  where 
there  are  hills  to  provide  the  altitude  necessary  for  flights 
of  longer  than  a  few  seconds  duration. 

The  scope  of  operations  using  the  auto  method  is  of 
course  more  limited  than  the  catapult  system  with  which 
it  is  often  possible  to  soar — that  is,  to  stay  up  by  means 
of  rising  wind  currents.  With  the  first  method  the  maxi- 
mum flights  are  of  two  or  three  minutes  duration.  The 
glider  takes  off  at  a  speed  of  about  twent\'  miles  an  hour 
and  climbs  at  a  \'ery  steep  angle  luitil  it  reaches  a  height 
of  300  feet.     At  this  point  the  pilot  tiips  the  lope.      He 


Fujurf  2 


must  now  immediately  le\'el  off  and  point  his  nose  down- 
ward or  he  will  lose  forward  speed  and  stall.  If  there 
is  sufficient  altitude  a  few  simple  maneuvers  may  be 
made  such  as  gentle  turns  and  dips.  Towing  of  a  glider 
by  an  airplane  such  as  practiced  by  Captain  Hawks  is 
possible  with  specially  constructed  gliders  but  should  not 
be  tried  by  any  but  experts. 

In  teaching  students  to  fly  the  glider  it  is  of  co\irsc 
not  necessary  to  immediately  launch  them  into  the  air. 
The  first  step  consists  in  facing  the  glider  into  the  wind. 
In  this  position  the  student  learns  to  keep  his  wings 
level  and  he  becomes  familiar  with  the  controls  before  he 
leaves  the  ground.  In  the  next  step  the  glider  is  dragged 
across  the  field  without  sufficient  speed  to  leave  the 
ground.  If  he  shows  ability  to  maintain  control  after 
several  such  flights  he  is  pulled  at  greater  speed  so  that 
he  will  be  able  to  rise  a  few  feet  in  the  air.  In  this 
manner  he  learns  to  control  the  glider  without  danger  of 
flying  at  a  higher  altitude. 

The  training  t\pe  glider  such  as  built  b>'  the  lUini 
Flying  club  is  designed  for  training  alone.  There  is 
little  attempt  at  streamlining,  so  it  has  a  poor  perform- 
ance as  compared  with  a  more  advanced  type.  Howexcr, 
it  has  natural  stability  due  to  its  low  center  of  gravit\ 
and  it  is  ruggedly  constructed  so  that  it  will  stand  the 
severe  beatings  that  are  sure  to  occur  when  used  b\-  be- 
ginners. A  sturdy  belt  is  provided  to  keep  the  pilot  in 
his  seat  and  there  are  no  spars  near  him  that  will  splinter 
it  by  chance  the  glider  crashes.  It  can  not  be  argued 
that  glider  flying  is  absolutely  without  danger,  but  with 
proper  supervision  by  a  competent  pilot  the  sport  is  no 
more  dangerous  than  football  or  basketball. 

The  Illini  Flying  club  is  proud  of  having  built  and 
surcessfidly  flown  such  a  craft.  The  next  step  is  to  own 
an<l  operate  a  power  plane  for  the  use  of  its  membe?s. 
It  is  hoped  that  this  will  be  possible  in  the  not  too  dis- 
tant future. 


The  Cover  Design — Dome  of  the 
Cathedral  of  Florence 

The  engineer  of  the  present  da\'.  deepl\'  engrossed 
with  his  column  formulae,  flexure  formulas  and  stress 
diagrams,  in  designing  our  great  structures,  may  be  a 
little  prone  to  speak  somewhat  disparagingly  of  the 
builders  of  the  past,  who,  while  working  in  materials 
ot  a  character  different  from  ours,  were  nevertheless 
masters  of  an  art,  and  in  every  sense  of  the  word  en- 
gineers. Rome  has  been  recognized  as  a  great  nation 
of  engineering  prowe.ss.  The  (ilothic  art  of  the  Middle 
Ages  reveals  the  fact  that  the  peoples  of  northern  Europe 
attained  success  in  the  vaulting  s\stems  through  an  em- 
pirical process.  The  next  great  engineering  feat  again 
directs  our  attention  to  the  Italian  Peninsula. 

The  dome  of  the  Cathedral  at  Florence,  the  most 
daring  attempt  at  vaulting  marks,  as  well,  the  beginning 
of  the  Renaissance  Art  in  Italy  and  all  Europe.  In 
actual  construction  the  dome,  which  consists  of  eight 
interdependent  surfaces,  is  of  the  cloistered  type,  involv- 
ing a  continuity  of  surface  and  therefore  not  the  sug- 
gested series  of  superimposed  circles  which  give  to  the 
uniform  dome  much  of  its  strength.  It  is  built  to  a 
very  high  section,  and  achieves  a  height  of  1,33  feet  from 
its  springing,  or  about  308  feet  from  the  pavement,  with 
a  maximinii  diameter  of  138 J/  feet.  The  drum,  which 
forms  its  immediate  support,  measures  40  feet  in  height, 
its  walls  are  16  feet  thick,  and  each  of  its  surfaces  is 
pierced  with  a  circular  window  similar  to  those  of  the 
nave  clerestory. 

For  nearly  half  its  licight  the  dome  is  biu'lt  of  care- 
fully selected  stones  clamped  and  dowelled  together;  the 
remainder  is  of  brick.  The  two  shells  exist  separately 
about  a  point  16  feet  beyond  its  spring,  or  nearly  8"/ 
feet  above  the  point  where  its  curvature  begins.  The 
inner  shell  is,  obviously,  the  heavier,  measuring  7  feet 
in  thickness,  and  is  built  in  three  stages,  their  thickness 
decreasing  slightly  upward.  The  thickness  of  the  outer 
shell  is  practically  uniform,  varying  only  about  7  or  8 
inches  between  base  and  crown.  The  void  between  the 
shells,  which  measures  from  4  to  5  feet  on  the  radius 
of  the  dome,  is  used  for  the  disposition  of  stairways 
and  passageways.  The  dome  is  crowned  by  a  lantern 
which  however  was  not  completed  until  twenty  years 
after  the  death  of  the  designer. 

It  is  interesting  to  note  that  the  architect  who  con- 
ceived this  great  structure  was  indeed  versatile.  Brun- 
elleschi  was  noted  as  a  sculptor,  and  had  achieved  .some 
success  in  painting.  His  designs,  submitted  in  competi- 
tion, .so  far  outshone  the  work  of  the  other  competitors 
both  in  design  and  feasibility  of  construction  that  he  was 
appointed  with  two  others,  Hattista  d'Aubonica  and 
C^hiberti  to  build  the  dome.  Political  strife  harassed  the 
builders  and  we  find  that  when  Hrunelleschi  found 
authority  gradually  slipping  from  his  hands  he  feigned 
sickness;  and  work  on  the  dome  necessarily  ceased.  Since 
it  was  found  impossible  to  proceed  without  his  guidance 
he  was  restored  to  full  authority  and  the  dome  was  com- 
pleted in  1436;  and  stands  today  a  monument  to  the 
\ersatile  genius  of  the  greatest  architect  of  the  early 
Renaissance.  — W.  V.  W. 


Ellsworth  j.  Wescott,  c,e.  '21,  is  with  the  Freyn 
Engineering  company,  Chicago. 


.A.  M.  Hoi  SER,  Jr.,  m.e.  '21,  is  chief  draftsman  in 
the  product  engineering  department  of  the  Crane  com- 
pan\',  Chicago. 
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RAILWAY  ELECTRIFICATION  -  - 


TO  ADVANCE  the  technology  developed  by  electrical  pioneers 
who  designed  and  applied  electric  railway  equipment  to 
conquer  mountains  and  to  speed  terminal  traffic — there's  a  task  to 
try  your  temper! 

During  the  business  life  of  young  men  who  now  are  students, 
thousands  of  miles  of  railroad  will  be  electrified  —  the  undeniable 
economies  of  electrical  operation  make  this  advisable.  To  carry  out 
such  a  program  will  call  for  the  services  of  many  of  the  best-trained 
men  — in  the  industries  allied  with  electrical  manufaauring  as  well 
as  in  the  electrical  industry  itself. 

Dut  of  college,  established  in  your  profession,  it  may  be  your  job  to 
direct  a  part  of  this  onward  march  of  electrification. 

General  Electric  has  equipped  more  railroad  right-of-way  and 
electrified  more  lines  than  any  other  company.  For  the  future, 
General  Electric  anticipates  a  continuation  of  the  vision,  skill,  and 
progress  which  have  thus  far  marked  its  contribution  to  industry 
and  transportation. 


I 


Booklet  GEK-55  tells  about  some  of  the  railway  electrification  projects 
u'ith  which  G-E  engineers  have  been  identified.  Address  your  request 
to  Publicity  Department,  General  Electric  Company,  Schenectady,  N.  Y. 
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-In  THE  Future.... 

Will  It  Test  Your  Mettle? 


JOIN  US  IN  THE  GENERAL 
ELECTRIC  PROGRAM,  BROAD- 
CAST EVERY  SATURDAY  EVE- 
NINO  ON  A  NATION-WIDE 
N.B.C.   NETWORK 
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Aniinonia  (Compressor  Efficiency 

(Coiiiinuiit  jriim   I'lU/f  10) 

h\  Home  and  Oakley.  Values  as  calculated  by  tlie  Vooi- 
hees  torinula  are  also  included.  This  graph  shows  that 
no  marked  a<jreenient  exists  and  gives  evidence  to  show 
that  still  much  is  to  be  learned  about  the  subject  of 
Nolumetric  efficiency.  It  also  shows  that  the  Voorhees 
formida  for  caluculating  the  efficiency  is  no  tsatisfactory. 
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As  a  result  of  this  work  the  following  conclusions 
may  be  drawn : 

1.  The  information  published  on  this  subject  is  very 
meager. 

2.  Up  to  this  time,  sufficient  tests  have  not  been 
performed  and  published  to  warrant  the  selection  of  an 
empirical  formula  for  arriving  at  the  \olumetric  efficiency 
of  an  ammonia  compressor. 

3.  The  results  of  these  tests  check  those  of  Denton 
closely.  None  of  the  other  experimentors  came  even 
close  enough  to  call  them  a  check.  The  fact  that  the 
values  as  taken  from  the  work  of  Home  and  Oakley 
checks  our  curves,  helps  to  substantiate  them. 

4.  If  a  satisfactory  means  were  provided  for  finding 
the  temperature  at  the  beginning  and  end  of  compression, 
much  could  be  learned  about  volumetric  efficiency. 

In  the  preparation  of  this  paper,  it  is  concluded  that 
this  subject  should  receive  more  serious  attention  by 
everybody  who  has  occasion  to  use  the  compression  sys- 
tem of  refrigeration. 


S.AXFORi)  Gi  i.r.KV,  m.e.  '22,  is  designer  for  the  Bar- 
ber-Greene company,  Aurora,  manufacturers  of  ma- 
chinery for  handling  sand,  gravel,  and  other  material. 
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The  batches  were  lo.uied  into  batch-boxes  containing 
material  for  approximately  28  cubic  feet  of  concrete. 
These  were  handled  by  means  of  an  industrial  railway  to 
the  mixers. 

The  use  of  tandem  mixers  was  one  of  the  most  strik- 
ing features  on  this  job  and  set  an  example  which  several 
other  contractors  were  quick  to  follow.  As  is  shown  in 
the  upper  right  picture,  the  small  crane  on  the  first  mixer 
unloads  the  batch-boxes  into  the  skip  of  the  mixer.  This 
mixer  then  discharges  into  the  skip  of  the  second  mixer, 
which  in  turn  empties  into  the  bucket  on  the  boom  at  the 
far  end  of  the  second  mixer.  In  this  manner  the  time  in 
each  mixer  was  reduced  to  approximately  30  seconds, 
which  gives  an  almost  continuous  How  of  concrete  from 
the  mixers  with  only  a  slight  increase  in  production  cost. 
One  more  operator,  one  extra  mechanic  or  helper  (re- 
quired by  the  imion)  and  two  or  three  extra  common 
laborers  and  one  or  two  extra  trucks  were  all  that  was 
required  to  almost  double  the  output.  The  scratch  tem- 
plate which  is  used  to  check  the  sub-grade  is  shown  in 
this  picture  just  behind  the  second  mixer.  Also  the 
machine  finisher  is  shown  in  position.  That  the  use  of 
the  tandem  mixer  is  not  restricted  to  industrial  railwa>' 
outfits  was  shown  on  Roosevelt  Road,  where  batch  trucks 
were  used  quite  successfully.  Both  of  these  contrasts 
were  at  a  low  price,  but  by  cutting  production  costs  in 
this  manner  the  contractors  made  fair  profits  on  the  jobs. 

Another  similar  use  of  two  mixers  was  that  of  operat- 
ing the  mixers  side  by  side  but  working  as  separate  units 
as  is  shown  in  the  center  left  figure.  An  even  greater 
number  of  batches  per  day  was  handled  with  this  sys- 
tem on  Lake  street.  Route  5,  Sec.  5-Y,  in  DuPage  county. 
This  outfit  requires  a  double  fleet  of  trucks  and  a  larger 
concrete  gang  than  did  the  tandem  hook-up.  This  picture 
also  shows  the  three-batch  truck  used  extensively  on  this 
work.  The  contractor  found  thit  outfit  very  rapid  and  as 
time  was  an  important  element  on  this  job  the  system  was 
a  money  maker. 

The  center  right  figure  shows  a  clear  view  of  the 
marchine  used  to  compact  and  strike  off  the  concrete,  and 
is  of  the  screeding  and  troweling  type.  After  the  ap- 
proximate required  surface  contoin'  has  been  obtained 
with  this  machine  the  surface  is  floated  longitudinally 
with  a  wooden  float  like  the  one  pictured  in  the  lower 
left  figure.  This  is  operated  from  bridges  placed  across 
the  pavement  as  shown.  In  this  particular  view  the  float 
is  being  used  to  work  on  a  widening  strip.  When  the 
concrete  has  been  floated  to  the  required  contour  it  is 
checked  with  a  ten-foot  straight-edge  for  irregularities 
and  these  are  worked  out.  Then  a  final  belting  is  given 
the  pavement  as  soon  as  the  excess  moisture  has  disap- 
peared from  the  surface  and  while  it  is  still  possible  to 
produce  a  uniform  surface  of  a  gritty  texture.  This  pro- 
cess is  shown  in  the  lower  right  figure,  which  also  shows 
the  appearance  of  the  finished  pavement. 

The  pavement  is  covered  as  quickly  as  possible  with 
wet  burlap  (concrete  should  be  set  up  sufficiently  to  pre- 
vent marking)  and  this  burlap  is  kept  damp  until  about 
10  o'clock  the  next  morning.  It  is  then  removed  and  the 
concrete  is  cured  by  ponding,  wet  straw  covering,  earth 
covering  or  most  commonly  with  calcium  chloride. 

I  wish  to  acknowledge  the  valuable  assistance  of  Mr. 
Frank  T.  Sheets,  Chief  Highway  Engineer,  Illinois 
Division  of  Highways,  who  supplied  me  with  the  pictures 
used  in  this  article. 
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STEPPING       INTO     A       IVIODERN      WORLD 


Striking  a  balance 
for  a  H, 000,000,000  industry 


"On  a  large  scale"  describes  account- 
ing in  the  Bell  System,  whose  properties 
cost  more  than  $4,000,000,000. 

On  the  outgo  side  are,  for  example, 
four  or  five  hundred  milHon  dollars 
annually  for  new  construction;  vast 
sums  for  keeping  telephone  equipment 
in  good  order;  a  payroll  running  into 
hundreds  of  millions  a  year.  Under  in- 


come are  such  diverse  items  as  a  few 
cents  for  a  local  telephone  call,  or  thirty 
dollars  and  upward  for  a  call  to  a  city 
across  the  Atlantic. 

The  men  responsible  for  this  phase  of 
the  telephone  business  have  worked  out 
scientific  methods  of  control — but  their 
effort  to  refine  old  practices  and  devise 
new  ones  goes  on .  T/ie  opportunity  is  there  ! 


BELL  SYSTEM 
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To  the  far  corners 

of  the  world  ♦  ♦  ♦  • 

BROWN  &  SHARPE  Tools 
go  to  the  far  corners  of  the  world  to 
help  in  maintaining  accuracy  in  mechanical 
work.  For  longer  than  old  mechanics  can 
remember,  Brown  &  Sharpe  has  provided 
reliable  tools  for  taking  measurements  ac- 
curately, whether  these  measurements  are 
for  highly  specialized  and  complicated 
work  or  for  the  more  usual  shop  require- 
ments. And  men  who  know  tools,  the  world 
over,  still  look  to  Brown  &  Sharpe  when 
they  want  fine  tools,  as  did  their  fathers  and 
their  grandfathers  before  them.  The  line 
of  Brown  &  Sharpe  Tools,  constantly  en- 
larged and  improved,  today  includes  over 
2300  different  tools  which  are  recognized 
everywhere  as  standard.  Small  Tool  Cata- 
log No.  31  will  be  furnished  gladly  upon 
request.  Brown  &  Sharpe  Mfg.  Co.,  Prov- 
idence, R.  I. 

Brown  i&,  Sharpe 

"V^orlA's  Standard  of  Accuracy" 


Glimpses  of  World  Enjiineering 

(Coii/iiiuiJ  jrnm    Piii/,    IS) 

operate  successful  farms.  "J'hc  population  of  the  metro- 
politan area  of  Melbourne,  for  which  sewerage  facilities 
are  provided,  is  very  close  to  1,000,000.  The  entire 
quantity  of  sewage  from  this  area,  amounting  to  50,000,- 
()()()  K^'lo'is  per  day,  drains  to  the  farm,  which  has  an 
area  of  l,\b02  acres.  The  farm  land  was  originally 
treeless,  almost  stoneless,  open  plain  country,  somewhat 
clay,  and  poorly  grassed.  Up  to  January  1,  1925  the 
average  annual  rainfall  for  31  years  was  18.14  inches. 
The  rainfall  for  the  year  ending  June  30,  1929  was  ap- 
proximately 12  inches.  Most  of  the  rain  falls  during 
the  winter  with  the  result  that  the  greatest  difficulties  in 
the  treatment  of  the  sewage  occur  at  this  season.  In 
order  to  minimize  these  difficulties  excess  sewage  is  stored 
in  lagoons  along  the  shore.  The  lagoons  are  protected 
from  inundation  at  high  tide  by  earth  embankments. 
After  the  sewage  has  settled  it  is  discharged  into  tide 
water. 

The  purpose  of  the  farm  is  primarily  to  treat  the  sew- 
age and  to  produce  an  effluent  which  can  be  discharged 
into  the  salt  water  of  Port  Phillips  bay,  without  causing 
a  nuisance.  Actually  the  drainage  from  the  farm  is  a 
clear,  innocuous  liquid,  more  attractive  in  appearance 
than  the  turbulent  waters  of  the  shallow  bay  and  there 
are  no  evidences  of  sewage  contamination  on  the  beach. 
The  successfid  accomplishment  of  the  primary  purpose 
of  the  farm  makes  possible  the  securing  of  a  revenue  from 
the  irrigated  lands.  This  revenue  pays  a  large  share  of 
the  expenses  of  sewage  disposal  and  in  some  years  a  profit 
has  been  obtained. 

The  point  of  delivery  of  the  sewage  from  the  outfall 
sewer  on  to  the  farm  is  37.25  feet  above  low  water  mark 
in  Port  Phillips  bay.  As  a  small  portion  of  the  farm 
is  above  the  elevation  of  the  outfall  some  pumping  is 
required.  In  the  operation  of  the  farm  the  raw  sewage 
is  turned  onto  the  land  without  preliminary  treatment. 
The  process  generally  adopted  for  the  preparation  of  the 
land  is  as  follows:  Where  the  contour  of  the  land  per- 
mits it  is  divided  into  rectangular  blocks  intersected  by 
roads  and  shelter  belts  of  trees  every  half  mile.  These 
blocks  are  again  divided  into  20-acre  paddocks.  The  soil 
is  broken  with  a  steam  plow,  the  bottom  being  sub-soiled 
to  a  depth  of  about  two  feet.  The  blocks  are  then  graded 
into  bays  or  terraces  of  about  half  an  acre  each  with 
check  banks,  and  are  commanded  by  distributing  drains 
to  facilitate  rapid  and  even  watering,  the  method  being 
to  flood  the  land  in  a  manner  similar  to  ordinary  irriga- 
tion. 

Bridges 

The  great  steel  arch  at  Sydney,  Australia,  is  one  of 
the  most  notable  of  the  world's  structures  and  is  by  far 
the  most  expensi\e  and  magnificent  structure  of  its  type 
in  the  southern  hemisphere.  The  arch,  which  was  closed 
on  August  19,  1930,  has  a  span  of  1,650  feet  and  con- 
tains 50,300  tons  of  steel.  Its  details  are  described  in 
Eng.  News-Record,  April  5,  1928,  p.  538.  It  is  expected 
that  the  bridge  will  be  opened  to  traffic  in  the  fallof  1931 
at  the  same  time  that  the  vnulerground  railway  system, 
now  under  construction,  will  be  completed.  The  bridge 
and  the  underground  railway  will  be  connected  to  pro- 
vide rapid  transit  for  greater  Sydney  and  its  environs. 
The  design  and  construction  of  the  iniderground  railway 
are  described  in  Eng.  News-Record,  Aug.  25,  1927, 
p.  310. 

At  Bangkok,  the  capital  of  Siam,  the  great  steel  rail- 
road bridge  across  the  Menam  Chao  Ph\a  ri\er,  known 
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as  the  Rama  VI  bridge,  is  a  striking  structure.  It  was 
completed  in  1927.  The  bridge  is  of  the  cantilever  type 
with  five  spans.  The  central  span  is  120  meters  long  and 
consists  of  two  cantilever  arms  each  41.3  meters  long 
and,  in  the  center,  a  simple  suspended  truss  37  meters 
long.  The  intermediate  spans  are  the  anchor  spans,  each 
84  meters  long  and  the  two  end  spans  are  each  77.04 
meters  long.  Each  of  the  latter  is  compo.sed  of  a  cantil- 
ever arm  41.5  meters  long  and  a  simple  truss  35.54 
meters  long.  The  total  length  between  centers  of  bear- 
ings between  abutments  is  442.08  meters.  The  river  here 
is  only  300  meters  wide  but  land  spans  are  introduced  to 
allow  for  further  widening  of  the  river.  The  width  of 
the  bridge  is  10  meters  between  centers  of  main  trusses 
and  provides  for  a  carriage  way  5  meters  wide  as  well  as 
meter  gage  railway  track,  and  two  foot  paths,  each  1.5 
meters  wide,  cantile\ered  on  brackets  from  the  outside  of 
the  main  trusses. 

The  -Memorial  bridge  at  Hangkok  is  a  highway  bridge 
across  the  Menam  Chao  Phya  which  will  lead  from  the 
heart  of  the  city,  near  the  palace  of  the  king,  across  the 
river  to  terminate  in  a  maze  of  small  canals  at  a  point 
where  there  is  no  highway.  As  a  bridge  the  structine 
will  serve  no  useful  purpose  when  it  is  opened,  but  as  ;i 
memorial  to  the  150th  anniversary  of  the  reign  of  tlie 
present  Siamese  dynasty  it  is  a  beautiful  and  fitting 
structure.  The  bridge  will  be  of  steel  with  a  length 
of  755  feet  between  abtitments.  There  will  be  two 
end  spans  covered  by  through  trusses  each  275  feet 
long,  and  a  two-leaf  bascule  span  in  the  center  with  n 
span  of  205  feet.  The  concrete  approaches  are  each 
about  500  feet  long.  The  foundation  conditions  for 
the  construction  of  the  piers  are  difficult.  The  caissons 
for  the  two  piers  will  be  sunk  to  a  depth  of  90  feet  below 
the  river  surface  and  40  feet  below  the  rived  bed.  The 
bridge  will  have  a  roadway  ?>?>  feet  wide  with  sidewalks, 
each  8  feet  6  inches  wide  cantilevered  from  the  main 
girders.  There  will  be  a  clearance  of  25  feet  from  the 
bottom  of  the  closed  bascule  span  to  the  river  surface  at 
high  tide.  The  bridge  is  being  constructed  by  Dorman. 
Lang  and  Co.  of  London,  England.  This  is  the  same 
organization  which  is  erecting  the  Sydney  Harbor  Bridge 
in  Australia.  It  is  estimated  that  the  bridge  in  Bangkok 
will  cost  $1,500,000  and  that  it  will  be  completed  in 
April  1932. 

Moderate  size  and  small  bridges  under  construction 
are  innumerable.  At  Saigon,  in  Indo-China  the  French 
are  erecting  many  bridges  acro.ss  the  canals  which  traverse 
the  city,  its  environs,  and  the  countryside.  The  larger 
concrete  bridges  are  usually  constructed  on  artistic  lines 
adding  much  to  the  picturesqueness  of  their  surroundings 
and  at  the  same  time  serving  as  links  in  the  system  of 
highways  which  are  being  pushed  rapidly  about  Indo- 
China.  Primitive  bridges  are  to  be  found  in  Java.  There 
are  both  suspension  and  arch  bridges  in  which  e\er\ 
member  is  made  of  bamboo  antl  in  which  no  metal  is 
used  in  construction.  The  structures  present  none  too 
secure  an  appearance  and  are  able  to  support  little  more 
than  the  weight  of  one  or  two  men. 
Irrigation 

Irrigation  .serves  as  the  life  blood  and  sustaining  sinew- 
in  many  of  the  lands  of  the  world  today.  People  of  the 
Orient  live  on  rice  and  rice  requires  large  quantities  of 
water  for  its  development.  Wherevei'  rice  is  grown  or 
the  climate  is  arid  irrigation  is  practiced.  The  countries 
of  the  eastern  hemisphere  included  in  this  category  are 
Australia  and  Egypt  because  they  are  dry,  and  japan, 
Java,  Indo-China,  and  Siam  because  of  the  raising  of  rice. 

Ja\anese  irrigation  systems  are  spectacular  because  of 
(Continued  on  Page  27) 


This  is  Progress! 

RECENTLY  at  a  large  central  heating  station,  the  load 
demand  soared  sl<yward  at  the  rate  of  10,000  lbs. 
of  steam  per  minute  for  an  hours  time.  This  gigantic  load 
pick-up  was  brought  about  by  a  single  operator! 

On  each  boiler  control  panel  near  the  push  button  controls 
were  his  operating  guides — Bailey  Boiler  Meters  and  Multi- 
Pointer  Gages.  They  told  him  when  to  send  his  electrical 
orders  over  copper  nerves  to  huge  fans,  to  whirring  coal 
feeders,  and  to  rumbling  pulverizers.  Most  important  of  all, 
they  enabled  him  to  maintain  efficient  combustion  during 
the  entire  change  from  light  load  to  full  load. 

Giant  boilers  pouring  forth  steam;  hundreds  of  offices 
comfortably  heated;  one  man  with  the  aid  of  Bailey 
Meters    doing    the   work    of    100  —  this    is    progress. 
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NOTHS 


i> 


Ai.FRKi)  Fkii.hicimkr,  arch.  '95,  is  the 
author  of  an  article  in  the  December 
.Irc/iitecttiral  Forum.,  entitled  "Modern 
Raihvay  Passenger  Terminals,"  which 
takes  lip  principles  of  terminal  station  de- 
sign and  the  subject  in  Kccral.  A.  i'. 
North,  arch.  '85,  discusses  railroad  build- 
ings for  operation  in  the  second  part  of 
the  article. 


Anton  K.  Horst,  c.e.  '11,  is  president  of 
the  Associated  (ieneral  Contractors  of 
America. 


E.  O.  KoRSMO,  c.e.  '11,  has  opened  a 
new  office  under  the  firm  name  of  E.  (). 
Korsmo  Construction  company  in  the 
Porter  building,  Memphis,  Tennessee.  He 
Avas  formerly  connected  with  the  Oaiiger- 
Korsmo  Construction  company. 


J.  F.  Prim,  c.e.  '26,  with  the  Ideal 
I'lectric  Manufacturing  companv.  Mans- 
field, Ohio. 


Lascfori)  T.  Bovki.ans,  e.c.  '26,  is  an 
engineer  in  the  research  laboratories  of 
the  Wcstinghouse  company  at  East  Pitts- 
burgh. Pennsylvania. 


EicKNi:  H.  Mii.l.NKR,  c.e.  '27,  is  in  the 
station  electric  design  division,  engineer- 
ing department,  Public  Service  company 
of    Northern    Illinois,    Chicago. 


[■RANK    U.    Williams,  m.e.     '81,     died 

January    13,   at   St.   Pnul,  Minnesota.      He 

had  been  connected   with  the  Collis  Prod- 
ucts company  there. 


CiiARi.K.s  N.  RoBRRTS,  C.e.  '82,  now  a 
consulting  engineer,  is  working  on  a 
.fl, 500,000  sewer  contract  northwest  of 
Chicago. 


Victor  .'\.  Maiteson.  arch.  '97,  has 
moved  his  office  to  1+07  Civic  Opera 
building,   20    North   Wacker   drive. 


Oox  Ha^s,  c.e.  '98,  is  an  irrigation  en- 
gineer near  'Yakima,  Washington.  He 
formerly  was  office  engineer  for  the  Rock 
Island  railroad  in  Kansas  City,  and  then 
with  the  western  extension  of  the  Mil- 
waukee. 


Frf-ii  a.  MiTCHEi.i.,  m.e.  '98,  has  been 
with  the  Kansas  City  Structural  Steel 
company  since  its  organization  in  1907. 


Tad  Epfs,   arch.  '23,  is  associated  with 
William  B.  Ittner,  incorporated,  St.  Louis. 


Curtis  C;.  Pepper,  m.e.  '06,  died  in  Chi- 
cago, February  18,  1930.  At  the  time  of 
his  death  he  was  unit  manager  of  the 
Neutro-wound  Radio  .Manufacturing  com- 
pany of  Chicago. 

.■\.  P.  PooR.MAN,  m.e.  '07,  has  been  a 
professor  in  the  college  of  engineering  at 
Purdue  for  several  vears. 


H.  J.  Oriosbv,  m.e.  '09,  is  now  head  of 
both  the  Majestic  Radio  and  the  Majestic 
Household    I'tilities  corporations. 


(lEORGE  Ross,  c.e.  '09,  is  general  super- 
intendent of  the  Missouri  Portland  Cement 
company,  St.  Louis,  Missouri. 


RoscoE  W.  Morton,  m.e.  '2'},  is  pro- 
fessor of  mechanical  engineering  at  the 
Colorado  School  of  Mines,  (iolden,  Colo- 
rado. 


Frances  A.  Dawson,  e.e.  '24,  is  with 
the  Kingston  Products  corporation,  Koko- 
mo,   Indiana. 


I'hc    annual    meeting    ot    the    .\nicrican  Willi 

Society   of   Civil    F'ngineers   in    Ne\%'    ^"ork  ^'ork 

was    attended    by    many     Illinois     alumni.  N  ork 

The   number   included    (reading   from   the  city; 

left    around    the   table):      Professor    G.    P.  H.   T. 

Boomsliter        '14,        Morgantown,        West  A.  C. 

Virginia;    H.    T.    Larsen    '23,    New    York  M.  E. 

city;    John     Needels     Chester    '91,     Pitts-  'Vork ; 

burgh;    H.    E.    Wcssman    '24,    New    "^'ork  Profes 

city;  Professor  NL  L.   Enger  '06,   I'rbana;  Torri; 


nn  R.  Osgood  '24,  Ithaca,  New 
R.  A.  Hall  '25,  Schenectady,  New 
Shortridgc  Hardcsty  '08,  New  York 

O.    H.    Pilkey    '30,    New    York   city; 

.  Cunningham  '27,  New  York  city ; 
Davids  '27,  Copenhagen,  Denmark; 
Jansson  '23,  Long  Island  city,  New 
M.  B.  Case  '06,  New  York  city; 
ior  W.  C.  Huntington,  I'rbana; 
Eide   '04,    Detroit;    J.    M.    Hardesty 


'25,  New  York  city;  J.  M.  Hurkhaltcr  '07, 
New  York  city;  N.  S.  Naaberg  '17;  H. 
L.  Glenzing  '18,  Ithaca,  New  York;  A. 
H.  Harkness  '95,  Toronto,  Canada;  Pro- 
fessor T.  D.  Mylrca  '09,  Pittsburgh;  Pro- 
fessor C.  R.  Young,  Toronto,  Canada  ;  A. 
II.  Biederman  '29,  Chicago;  W.  L.  Egy 
'07.  Troy,  New  York;  John  Blondin  '28, 
Chicago ;  and  R.  G.  Cone  '22,  San  Fran- 
cisco. 
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the  extent  to  which  the  island  has  been  irrigated.  1  he 
practice  has  been  in  vogue  for  so  many  centuries  that  the 
hills,  the  valleys,  and  almost  the  mountain  tops  are  ter- 
raced and  watered.  Among  the  striking  features  of  a 
Javanese  landscape  are  the  terraced  hills  lagooned  to  their 
tops.  The  thinking  traveller  is  left  to  wonder  how  the 
engineers  have  succeeded  in  making  water  run  up  to  the 
top  of  the  hill.  The  Dutch  build  marvclously.  In  prep- 
aration for  the  solution  of  their  difficult  problems  in 
hydraulics  a  laboratory  has  been  established  at  Semarang 
where  research  is  constantly  in  progress.  S\'stems  of  im- 
pounding reservoirs  and  networks  of  canals  have  made  it 
possible  for  them  to  grow  rice  to  the  fullest  capacity  of 
the  fertile  lands  of  the  island  to  raise  it  and  the  feeding 
of  their  e\cr-increasing  population  has  been  maile  pos- 
sible. 

The  amount  of  water  whiclj  must  be  stored  and  dis- 
tributed by  irrigation  works  in  Java  is  determined  b\  the 
dry-weather  demands  of  the  crops  to  be  raised.  The 
growing  period  of  rice  is  from  six  to  eight  months  dining 
four  or  five  of  which  water  is  required.  When  the  rice 
is  first  planted  and  for  some  time  thereafter  it  must  be 
submerged  in  water  and  the  field  kept  with  three  to  six 
inches  of  water  on  it.  It  is  geiierally  computed  that  this 
requires  from  10  to  13  gallons  per  minute  of  water  per 
acre  of  land  during  the  entire  growing  period  of  five 
months,  depending  upon  the  season,  the  soil  and  other 
factors.  Sugar,  which  is  an  important  crop  in  Java,  re- 
quires oidy  about  half  as  much  water  and  is,  therefore, 
an  easier  crop  to  care  for,  particularly  as  it  requires  irri- 
gation onl\-  during  the  dry  season.  Since  rice  is  cultivated 


BAUSCH 
&  LOMB 

PRECISION 


The  Contour  Meas- 
uring  Projector — 
for  the  accurate  pro- 
duction of  standard- 
ized interchangeable 
parts.  One  of  the 
Bausch  SC  Lomb 
family  of  precision 
instruments  for  solv- 
ing the  problems  of 
industry. 


FOR  BETTER  VISION  .  » 
ORTHOGON  LENSES 


BAUSCH  &  LOMB 
OPTICAL  COMPANY 


635   ST.  PAUL   STREET 
ROCHESTER,   NEW  YORK 


Machining  . . .  every  part 

finished  to  close  tolerance 

A  high  standard  of  precision,  governs  every 
one  of  the  scores  of  machining  operations 
required  in  the  making  of  a  Jenkins  Valve. 
Continual,  systematic  gauging  assures  a 
finish  to  the  close  tolerance  necessary  for 
the  complete  interchangeability  of  all  cor- 
responding parts.  Precision  manufacturing 
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mance in  any  power  plant,  plumbing, 
heating  or  fire  protection  service. 

Send  for  a  booklet  descriptive  of  Jenkins 
Valves  for  any  type  of  building.  Jenkins 
Bros.,  80  White  Street,  New  York;  524 
Atlantic  Ave.,  Boston;  133  No.  7th  St., 
Philadelphia;  646  Washington  Boulevard, 
Chicago;  1121  No.  San  Jacinto,  Houston; 
Jenkins    Bros.,    Ltd.,   Montreal;   London. 
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only  (lurinf;  tlu-  wvt  season  the  dcmaiuls  ot  the  two  crops 
on  irrigation  an-  not  cunuilatixc. 

The  thrfc  types  of  irrijjation  works  in  Ja\a  arc:  (  I  ). 
impouniling  reservoirs,  (2),  river  diversions,  antl  ( ,^ ) , 
piinipinji  from  rivers  and  drainage  canals.  Water  tiom 
works  of  the  first  t\pe  is  drained  to  works  of  tlie  second 
t>pe,  which  in  turn  supply  water  to  the  sources  of  works 
of  the  third  t\pe.  Water  is  thus  made  useful  three  times 
in  its  journey  from  the  clouds  to  the  sea.  In  1930  there 
were  42  irrigation  projects  under  construction  in  Ja\a 
at  an  estimated  cost  of  4(),()U(),()0()  dollars,  of  which 
3,5U0,(K)U  dollars  was  to  he  spent  during  the  \ear. 

E\tensi\e  plains  formed  h\'  the  deltas  of  the  Mekong 
river  in  Indo-China  and  h\  the  Menam  Chao  Phya  in 
Siam  include  the  principal  districts  under  irrigation  in 
these  two  countries.  Since  much  of  the  area  of  these 
plains  lies  below  the  level  of  high  tide  the  method  of 
irrigation  practice  is  markedly  different  and  less  spec- 
tacular than  the  irrigation  of  the  hilly  countries  of  Java. 
These  methods  may  be  classified  into  four  types  because 
of  the  difference  of  the  topography  of  the  irrigated  areas. 
First,  flood  protection,  irrigation,  and  drainage  used  on 
the  flat  plains  formed  by  river  deltas  near  the  sea.  2nd. 
Flood  protection  from  the  sea,  3rd.  River  regulation  and 
the  regulation  of  farming  methods,  and  4th.  Irrigation 
of  dry  lands  either  through  the  construction  of  impound- 
ing reservoirs  or  b\    river  diversion. 

The  total  area  of  land  within  the  working  area  con- 
trolled by  the  Royal  Irrigation  Department  of  Siam  is 
in  the  neighborhood  of  eight  to  ten  thousand  square 
miles,  more  than  ninety  per  cent  of  which  is  located  in 
the  central  plain  of  Siam  between  the  Nam  Hang  Hakong 
and  the  Nam  Me  Klong  rivers.  In  Indo-China  the  vari- 
ous irrigation  projects  in  the  program  of  construction 
between  1923  and  1930  include  approximately  3,300 
square  miles.  It  is  expected  that  the  total  expense  will 
not  exceed  5';72,500,000.  When  this  program  has  been 
completed  it  is  expected  to  expend  an  additional  $30,000,- 
000  and  to  increase  the  irrigated  areas  by  about  15,000 
square  miles  raising  Indo-China  to  the  greatest  rice-pro- 
ducing country  in  the  world. 

Starvation,  devastation,  and  ruin  would  face  Egypt 
were  the  Aswan  Dam  to  fail  because  the  irrigation  sys- 
tem of  the  nation  depends  upon  it,  and  upon  the  irriga- 
tion system  depends  the  prosperity  and  life  of  the  people. 
Egypt  is  a  long  narrow  strip  of  fertile  country  bordered 
by  deserts  and  bisected  by  the  life-giving  waters  of  the 
Nile.  The  Aswan  Dam  impounds  the  waters  of  the  river 
at  the  First  Cataract,  a  distance  of  600  miles  abo\e  the 
mouth  of  the  river.  The  lake  above  the  dam  impounds 
ing  the  dry  seasons  to  be  diverted  into  irrigation  canals 
633,300  million  gallons  of  water  which  is  released  dur- 
by  the  dams,  called  barrages,  located  at  stragctic  points 
along  the  river. 

Dams 

A  civil  engineer  in  search  of  striking  structures  luuler 
construction  in  the  Orient  will  find  dams  to  be  the  most 
spectacular  and  the  most  nvunerous.  Among  the  large 
and  interesting  dams  upon  which  work  is  in  progress  are 
the  Aswan  Dam  in  Egypt,  the  Hume  TDam  and  the 
Silvan  Dam  in  Australia,  and  the  dam  across  the  Hab 
River  at  Sukkur  near  Karachi  in  north  west  India. 

The  history  of  the  Aswan  dam  and  the  methods  used 
in  raising  it  are  described  in  an  article  in  Eng.  News- 
Record,  Aug.  7,  1930,  somewhat  as  follows:  The  dam 
was  raised  to  its  present  height  in  1912.  In  each  raising 
of  the  dam  it  has  been  the  desire  to  disturb  the  original 
masonry  as  little  as  possible.  The  junction  between  the 
old  and  the  new  masonr\   was,  therefore,  made  b\   insert- 


ing wrought  iron  rods  on  meter  centers  all  over  the 
downstreams  face  of  the  dam.  These  rods  were  embedded 
in  both  the  old  and  the  new  masonry  for  a  distance  of 
tour  feet.  The  added  layer  of  masonry  was  16  feet  lO^/; 
inches  thick  with  a  slope  of  1  ■/  vertical  to  1  horizontal, 
the  same  as  the  downstream  face  against  which  it  was 
laid.  The  new  masonry  was  supported  by  the  rods  a 
slight  distance  above  the  face  of  the  old  masonry  and  the 
space  betweeji  the  new  and  the  old  work  was  left,  with- 
out filling,  for  two  years  to  permit  of  settlement,  move- 
ment, ami  consolidation.  The  space  between  the  new 
ami  the  old  work  was  separated  into  compartments  23 
feet  long  alpjig  the  face  of  the  dam,  b\'  the  construction 
of  keyways  in  which  a  wedge-shaped  stone  with  a  broad, 
flat  face  protruded  from  the  new  masonry  into  a  prop- 
erly-shaped recess  or  groove  cut  in  the  face  of  the  old 
work.  The  joints  in  these  grooves  were  made  with  pure 
red  lead  to  permit  the  movement  of  the  stones  without 
rupturing  the  joint.  Weep  holes  reaching  through  the 
face  of  the  new  masonry,  were  constructed  about  13  feet 
apart  \ertTcally  with  three  holes  per  compartment.  These 
holes  were  provided  for  drainage  during  the  two-year 
interval  that  the  space  was  left  open  and  as  an  aid  in 
the  grouting  ultimately  planned.  Two  perforated,  1  %- 
inch,  wrought  iron  pipes  were  placed  in  a  vertical  position 
in  each  compartment.  At  the  end  of  the  two-year  period 
the  space  between  the  new  and  the  old  work  was  filled 
with  grout  through  rubber  hose  thrust  into  the  per- 
forated pipes.  The  compartments  were  filled  in  stages, 
only  sufficient  grout  being  used  to  fill  a  compartment 
between  two  rows  of  weep  holes  in  one  day.  Upon  com- 
pletion of  the  grouting  the  additional  vertical  portion  of 
the  dam,  composed  of  rubble  masonry,  was  placed  without 
unusual  precaution  other  than  to  roughen  the  plane  of 
contact  between  old  and  new  work.  The  results  were 
entirely  satisfactory  and  no  trouble  has  been  experienced, 
the  dam  acting  as  a  homogeneous  structure. 

Plans  for  a  second  raising  of  the  dam  were  com- 
menced in  1928  when  it  was  decided  to  increase  the 
height  by  thirty  feet.  The  principal  feature  of  the 
adopted  design  consists  of  buttresses  to  be  erected  be- 
tween the  sluice  gates  on  23-foot  centers.  At  elevation 
287,  the  elevation  of  the  sill  of  the  lowest  sluices,  each 
buttress  is  to  be  19  feet  6  inches  thick  in  a  direction 
normal  to  the  fact  of  the  dam,  and  14  feet  3  inches  wide 
parallel  to  the  face  of  the  dam.  The  downstream  face 
of  the  buttresses  will  slope  at  the  rate  of  1.14  vertical 
to  1  horizontal  leaning  against  the  face  of  the  dam  which 
now  slopes  at  the  ratio  of  1  I^ j  to  1.  The  buttresses  will 
terminate  at  elevation  328.28  at  which  elexation  they  will 
be  3  feet  3  inches  thick  and  4  feet  10  inches  wide.  From 
elevation  372.28  to  the  top  of  the  new  work  at  elevation 
403.44,  false  buttresses  supported  from  the  newly- 
heightened  body  of  the  dam  will  carry  the  architectural 
lines  of  the  true  buttresses  to  the  top  of  the  dam.  An 
open  sp.ice  one  inch  wide  will  be  left  between  the  true 
and  the  false  buttresses  to  prevent  the  transfer  of  stresses 
between  them.  The  buttresses  are  to  be  constructed  of 
reinforced  concrete  faced  with  ashler  masonry  and  they 
will  not  form  an  integral  portion  of  the  dam  but  will  add 
strength  to  it  only  through  their  weight  resting  against 
the  downstream  face  of  the  dam. 

The  new  buttresses  will  be  joined  to  the  old  mason ly 
only  up  to  ele\ation  287.  From  this  elevation  to  eleva- 
tion 348.04  the  buttresses  will  rest  and  slide  upon  an 
luilubricated,  non-corrosive  wrought  iron  plate,  1^4 
inches  thick.  The  face  of  the  old  masonry  will  be  dressed 
smooth  beneath  the  plate  and  for  ^  of  an  inch  on  each 
side,  ,ind  tlie  |ilates  will  be  laid  loose  on  their  beds,  thus 
(('nntinucA   nil    Paiji-   SI) 
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planning   for   the   Future 


_^ 


JUST  as  the  alert  university  student  plans  his  work 
for  future  advancement,  we  here  at  Dow  ore  con- 
stantly working  far  ahead  of  our  present  require- 
ments—  anticipating  the  future  needs  of  our  customers. 
Consistent  development  of  new  products  and  new 
processes  requires  complete  facilities  for  following 
each  development  thru  to  completion. 

The  accurate  design  and  layout  of  important  process 


equipment  is  executed  in  our  large,  completely  equip- 
ped drafting  room  pictured  above.  Here  roughly  sketch- 
ed ideas  are  turned  into  practical  working  drawings. 

Dow  is  a  self-contained  orgonizotion— offering  com- 
plete facilities  for  research  and  experiment,  and  the 
turning  of  ideas  into  realities.  This  cooperation  results 
in  greater  opportunities  for  individual  development 
and    consequently  better    service   to  our    customers. 


The  Dow  Chemical  Company 


Midland,  Michigan 
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In  olden  davs  the  maidens  dressed 
Just   like   Old   Mother    Hubbard, 

But   nowadays,   the   Saints   be   blessed, 

'rhe>   look  more  like  her  cupboard. 

— Kansas  Slutf  Entjiiiii'i-. 

Padre:  Vou'U  ruin  your  stomach,  m\ 
good  man,  drinking  that  stuff. 

Old  Soak:  'S'all  right.  It  won't  show 
with   in\    coat  on. 

— Kansas  Slal,    lini/irinr. 

"Does  your  wife  go  in  for  athletics?" 
".Absolutely.     Vou  should  see   her  jump 
at  conclusior)s." 

—  77/c  ('ormll  Civil  Hnijinirr. 

Waiter  (at  the  club):  "There's  a  lady 
outside  who  says  that  her  husband 
promised   to  be   home  early  tonight." 

All    (rising):     "Excuse  me  a  moment." 

—  Thr  Cornell  Civil  Engineir. 

\  newspaper  correspondent  states  that 
the  following  notice  has  been  posted  round 
about    an   electric   station    in   the   North: 

"Beware:  To  touch  these  wires  is  in- 
statn  death.  Anyone  found  doing  so  will 
be  prosecuted." 

—  Tlif   Cornill  Civil  Eni/inier. 

Engineer:  This  must  be  an  incubator 
chicken. 

Ag  Student;     Why? 

— Kansas   Slati-   Eijini'cr. 

Waitress:  Don't  you  like  this  college 
pudding,    sir? 

Diner:  No,  Miss,  I'm  afraid  there  is  an 
egg  in  it  which  ought  to  have  been  ex- 
pelled. — Kansas  Stale  Engineer. 

ENGINEER'S   WHISKEY  TEST 

Connect  20,000  volts  across  a  pint. 

If  the  current  jumps  it,  the  product  is 
poor. 

If  the  current  causes  a  precipitation  of 
lye,  tin,  arsenic,  iron  slag  and  alum,  the 
whiskey   is   fair. 

If  the  liquor  chases  the  current  back  to 
the  generator,  you've  got  good   whiskey. 
— Oregon    Stale    Teelinieal    Record. 

Kind  Old  Lady:  Do  any  of  your 
friends  ever  come  to  visit  you  here? 

Inmate:  No  mum,  they're  all  here  wit' 
me.  — Kansas  Slate  Egineer. 

"How  would  you  punctuate  this 
sentence:  'Mary  went  into  the  garden 
nude'  ?" 

"I'd   make   a   dash   after   Mary." 

— T/ie  Rose   Teilinic. 


Parent:  Is  all  \<iur  monev  the  result 
of  hard  work? 

Suitor:  Ves  sir,  absolutely;  my  father 
is  a  very  hard  working  man,  and  then,  if 
you  could  only  see  how  hard  I  have  to 
w(irk  him  to  get  it. 

—  The  lo^iva  Engineer. 

Constable  (in  small  toivn):  Well,  what 
do  you   think   of  our   little  city? 

Stewed  Stude:  It's  the  first  time  I  ever 
saw    a  cemeterv  with  lights. 

—Ore,/ori'  Stale    Teelinieal   Record. 

"What!  A  little  runt  like  you  a  wild 
animal   trainer?" 

"My  size  is  the  secret  of  my  success. 
Ihe  lions  are  waiting  for  me  to  grow  a 
little   larger." 

— The   Pennsylvania    Triangle. 

Judge:  "Were  you  sober  at  the  time 
this    accident    occurred?" 

Reckless:  ".As  sober  as  a  judge,  your 
honor."_ 

Judgg:       "Six   months." 

—  The  Pennsylvania  Triangle. 

They  laughed  when  I  sat  down  at  the 
piano. 

But  they  nearly  died  when  I  couldn't 
find  the  nicked  slot !  — Lyre. 

English   Prof.:    "M'hat   is  svmbolism?" 
C.   E.   '34:     W   helluva   crash   from   the 
orchestra." 

Webb:  "That  swell  looking  girl  is 
dead   from  the  neck   up." 

Deb.:  "Well  she  can  bur>  her  head  In 
my   arms   any   time." 

"What's  the  professor  talking  about?" 
"Integration   you   half-wit." 
"Is   he   for   it   or   against   it?" 

*     *     * 

Gvpsv:     "I'll   tell    vour  fortune  mister." 
Student:      "How    Tnuch?" 
"Two   bits." 
"Correct." 

"Do  you  know  who  the  laziest  man  in 
the    world    was?" 

"No,   who   is   he?" 

"The  fellow  who  said:  'Moonbeam — 
kiss  her  tor  me.'  " 

She  was  only  a  country  belle  but  she 
certainly  tolled  on   me. 

"Will  you  buy  this  book  from  me?" 
"No,  we  only  buy  whole  libraries." 
""But  this  is  mv  whole  librarv." 


'"Why  hasn't  the  King  of  England  got 
pvorrhea  ?" 

"Because  he  is  (ieorge  the  \'." 

K.  K.  (i.:    "Woman's  greatest  attraction 

is   her  hair." 

K.  A.:     "It  is  unquestionably  her  teeth." 
Iri    Delt:      I   say   that   it   is   her  eyes." 
Pi   Phi:     "What's   the   use  of   us   sitting 

here  lying  to  each  other?" 

— College   llumur. 

Then  there  is  the  bird  who  wondered 
whether  the  B.  &  O.  railroad  fired  their 
employees   who   use   Lifebuoy   Soap. 

— Cornell  If'iJoiv. 

Absent-minded  College  Professor  (after 
a  date):  ""We'll  go  on  from  here  next 
time."  — Reserve  Red  Cat. 

""How  would  it  feel  to  come  into  a  lot 
of  easy  money?" 

"Why   ask   me.      I'm   no  judge." 

— Minn.   Ski-L-Mah. 

""I  was  up  till  4  o'clock  last  night." 

""What    for?" 

■"Four  A.  M.  you  sap." 

She:     "Bill  your  shirt  tail   is  out." 
He:     "Still   out?   Darn   thing's  been  out 
all  evening."  — Black  and  Blue  Jay. 

Then  there's  the  proverbial  frosh  who 
thinks  that  his  economics  Prof,  rides  to 
class  on  a  business  cycle.  — Green  Goal. 

"What  vou  writing?" 
"A  joke." 
"Send   him  my   love."    — loiiui  Trivol. 

""Vour  studies  are  suffering  son.  Do 
you  need   a  coach?" 

"No   Dad.     A   roadstcr'll   do." 

—Black  and  Blue  .lay. 

The  fellow  who  blows  hot  and  then 
blows  cold  doesn't  belong  in  a  jazz  band. 

Italian:  What's  this  T  hear  about  Mus- 
solini going  crazv  and  talking  to  him- 
self. 

Ualianne:  False  alarm.  He  was  just 
holding  a  cabinet  meeting. 

""The  minute  he  kissed  ine  I  knew  he 
played   a   trombone." 

She:  "Why  are  you  calling  on  me  in  a 
business   suit?" 

He:     "I  mean  business." 
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(Coiilinui-d  from   Paijc  28) 

allowing  free  movement  of  each  buttress  in  all  directions. 
Above  elevation  348.04,  the  top  of  the  wrought  iron 
plate,  the  buttress  will  not  be  in  contact  with  the  liani 
but  will  extend  as  a  cantilever  to  elevation  372.28. 

The  raised  portion  of  the  body  of  the  dam  will  be 
Cyclopean  masonry  faced  with  ashlar  on  the  upstream  and 
the  downstream  sides.  This  part  of  the  work  will  be 
constructed  in  blocks  31  feet  2  inches  high,  29  feet  3 
inches  thick,  by  23  feet  in  length  along  the  axis  of  the 
dam,  with  joints  between  blocks  coming  midway  between 
shn'ces.  Alternate  blocks  will  be  constructed  after  long 
periods  of  time.  The  joints  between  blocks  will  be  left 
open  as  expansion  joints,  the  water  tightness  of  the  struc- 
ture being  assured  by  a  joint  of  soft  asphale  between  the 
concrete  and  the  masonry  facing  of  the  upstream  side  of 
the  dam. 

Hollow  core  walls  mark  the  latest  step  in  core  wall 
construction  for  earth  dan\s.  The  Silvan  Dam  of  the 
Melbourne,  Australia,  water  works  is  among  the  first 
earth  dams  to  be  built  with  a  hollow  core  wall.  The 
downstream  portion  of  the  core  wall  is  hollow,  being 
formed  of  hollow  vertical  cylindrical  wells,  3  feet  in 
vertically  from  the  top  of  the  wall  to  within  two  or 
diameter  on  approximately  3jj  foot  centers  extending 
three  feet  of  the  roof  of  an  inspection  tunnel.  These 
wells  drain  independently  into  the  inspection  tunnel 
the  concrete  between  the  downstream  face  of  the  core 
through  small  drain  pipes.  The  minimum  thickness  of 
wall  and  the  inside  of  the  cylinders,  or  wells,  is  about 
six  inches.  The  inspection  tunnel  is  an  integral  part  of 
the  core  wall  and  is  placed  slightly  higher  than  the 
natural  stream  bed  so  that  the  tunnel  can  be  drained  by 
gravity   into   the  stream   bed.      No  expansion   joints   are 


provided  in  the  construction  of  the  core  wall  as  it  is  ex- 
pected that  such  cracks  as  appear  will  occur  through  the 
thinnest  part  of  the  wall  of  the  hollow  cvlinders.  Leak- 
age can  be  detected  at  any  point  in  the  dam  by  inspection 
of  the  interior  of  the  cylinders  and  proper  remedies  ap- 
plied. The  construction  of  the  hollow  cylinders  offers 
little  difficulty  as  a  sliding,  interior  form  is  used  which 
is  raised  as  con.struction  advances. 

(^(inclusion 

World  engineering  is  a  stupendous  subject  to  com- 
prehend and  a  dangerous  subject  on  which  to  generalize 
because  of  the  diverse  conditions  existing  around  the 
world.  The  territory  covered  is  large  and  it  is  to  be 
noted  that  in  this  article  nothing  has  been  said  about  en- 
gineering projects  in  Europe  or  North  America,  the 
structures  discussed  being  confined  to  the  eastern  hem- 
isphere. Europe  and  North  America  lead  in  science  and 
in  engineering  practice;  other  lands  follow  their  lead, 
learn  from  them,  and  are  proud  to  admit  the  fact.  The 
nationals  from  distant  lands  are  sent  to  European  and 
American  schools  to  learn  methods  of  doing  things  and, 
upon  their  return  home,  their  knowledge  is  applied  in  a 
manner  of  which  they  are  proud  and  which  is  a  compli- 
ment to  their  teachers.  Their  teachers,  and  by  their 
teachers  is  meant  the  engineers  of  Einope  and  America, 
through  a  visit  to  their  pupils  can  learn  of  new  methods 
of  construction,  can  gain  ideas  for  the  overcoming  of 
difficulties,  and  can  be  of  assistance  to  others  by  spreading 
the  information. 


Paul  Vance,  e.e.  '23,  is  with  the  General  Electric 
company  at  Fort  Wayne,  Indiana. 


A   RECOGNIZED   STANDARD 
OF   ACCURACY 


When  a  person  purchases  a  Keuffel  &  Esser  Go.  SHde  Rule  he  does 
not  demand  proof  of  its  accuracy.  He  knows  that  if  this  Shde  Rule 
has  measured  up  to  the  Keuffel  &  Esser  Co.  standard,  it  has  passed 
tests  so  rigid  that  he  can  have  full  confidence  in  it  for  his  daily  work. 

Get  one  of  these  fine  rules.    It  will  save  you  much  time 
and  labor,  and  lasts  for  years. 

This  ami  matiy  other  items  jar  etif^ineer.  arehiteet  and 
student  are  to  he  had  here. 

THE  U.  of  I.  SUPPLY  STORE 
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The  river  front  area  of  the 
I^epauno  dynamite  plant 
near  Qibbstozvn,  ?^eiu 
Jersey,  where  the  du  Pont 
Company  first  began 
manufacturing  high 
explosives 


. . .  Can  ISO  years'  experience 

help  YOr? 


IN  1802,  E.  I.  du  Pont  de  Nemours,  a  young 
French  chemist  in  America,  built  and  began  to 
operate  a  small  powder  mill  on  the  banks  of  the 
Brandywine  River. 

Today — after  129  years — the  trade-mark  of  the 
du  Pont  Company  is  well  known  throughout  the 
industrial  world.  Du  Pont  Explosives  have  played 
a  major  part  in  building  the  nation's  railroads, 
highways,  aqueduds,  reservoirs  and  subways;  in 
clearing  millions  of  acres  of  land,  in  mining  enor- 
mous quantities  of  coal  and  other  minerals,  and  in 
making  possible  many  great  engineering  enterprises. 

Du  Pont  has  never  been  content 
merely   to  manufacture  explosives.         ^  V\ 


spent  years  in  chemical  research  ,  .  .  matching 
ingredient  against  ingredient  ...  to  develop  new 
improvements  or  to  make  new  explosives  that  will 
do  a  given  job  better.  It  is  significant  that  a  vast 
majority  of  all  valuable  New  explosives  come 
from  the  du  Pont  plants. 

The  information  that  du  Pont  has  gathered  in 
more  than  a  century  and  a  quarter  is  available  to 
you.  As  an  engineer  of  today — and  tomorrow — 
you  can't  afford  not  to  know  all  there  is  to  know 
about  Dynamite. 

Write  to  the  du  Pont  Company  for  The  Blasters' 
Handbook — which  tells  you  how 
p\  to  use  explosives.  Your  free  copy 
^         is  waiting  for  you. 


Its  highly  trained  technicians  have 

"EG    us, PA 

E.  I.  Dr  PONT  DE  MEMOIRS  &  COMPANY.  INC 
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Timken  will  help  to 
solve  your  future 
bearing   problems 


When  your  college  days  are  over 
and  you  take  your  place  in  industry, 
bearings  will  be  one  of  your  biggest 
problems,  whether  you  are  concerned 
with  the  designing  or  selection  of 
machinery. 

Then  you  will  find  a  thorough 
knowledge  of  the  construction  and 
application  of  Timken  Tapered 
Roller  Bearings  one  of  your  most 
valuable  assets. 

In  order  to  appreciate  how  widespread 
and  how  profound  the  influence  of 
Timken  Bearings  is  throughout  all 
industry,  it  is 
only    necessary 


to  consider  that  IS     LS    JLi     <Ll    1«L\^ 

there  is  hardly  ^©To)QlP(B(S 

any  type  of  mod-  -n      »>        a 

ern  machinery  ^%wI«I«£R    B£aRINGS 


in  which  Timkens  are  not  used.  The 
reason  is  found  in  the  ability  of 
Timken  Bearings  not  only  to  reduce 
friction  to  the  vanishing  point,  but 
to  carry  radial  loads,  thrust  loads  or 
both  together  in  any  combination  at 
the  same  time. 

Timken  Bearings  also  hold  shafts  in 
alignment,  and  keep  gears  meshing 
smoothly  and  quietly. 

Their  use  is  both  a  protection  and 
an  economy,  for  it  is  an  established 
fact  that  Timken-equipped  machin- 
ery costs  less  to  operate  and  main- 
tain and  gives 
many  extra 
years  of  service. 
The  Timken 
Roller  Bearing 
Co.,  Canton,  O. 
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for  straight  lines^and  strength 


WM.  II.  STOCKIIAM.  '8.')   . 
MRS.  KATE  K.  ST0<:KIIAM. 
II.  C.  STOCKIi  VM.  fx  •09 

u.  w.  sto<:kiiam. -21    .    v 

K.  J.  ST0<:K1IAM.  ex  -26      . 

c;.  PKTESc;n.  ex  '19     ... 

General  Man 


85.  Dire. 


The  Stockhani  superlative  quality  stand- 
ard has  placed  a  new  measure  upon 
pipe  fitting  requirements.  No  longer  will 
"'"any  make"  of  fittings  do  for  the  man 
who  takes  pride  in  his  work  and  has  no 
time  to  waste.  Today,  Stockhani  Accu- 
racy, that  makes  it  easy  to  buihl  straight 
lines  with  tight  joints,  is  the  measure  of 
true  value.  Be  sure  the  name  Stockham 
is  on  the  fittings  you  buy,  for  then  you 
may  be  certain  of  the  dependability 
that  you  have  a  right  to  demand  in  the 
materials  you  use. 

STOCKHAM  PIPE   &  FITTINGS   CO. 

Birniingham,  Alabama 

Stocks  in  Boston.  AVir  York.  Chicago,  Houston, 
Los  Angeles 
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mmoning 


a  Ghost  to  your  biddins 


The  chemist  Van  I  lehnont  in  1609 
discovered  an  invisible  substance,  an 
emanation  from  coal,  that  he  named 
"treist,"  meanintr  trhost,  shortened 
in  English  to  gas. 

Onlv  now  do  its  miraculous  possi- 
bilities begin  to  be  glimpsed.  Only 
now  can  modern  industry,  like  a 
latter-day  Aladdin  rubbing  his  lamp 
to  summon  a  vaporous  genii,  turn  a 
valve  and  order  this  Ghost  to  any 
one  ot  a  hundred  tasks. 

From  the  beginning,  the  problem 
was  one  of  piping.  When  Crane  Co., 
a  half  centurv  ago,  set   itself  to 


develop  and  produce  the  right  mate- 
rials for  every  gas  and  oil  purpose, 
it  began  an  incalculably  valuable 
contribution  to  the  solution  ot 
problems  that  had  held  back  the  gas 
industry  since  the  Chinese  used 
hollow  bamboo. 

So  in  the  development  of  the  natu- 
ral and  manufactured  gas  industry, 
as  in  practically  every  other  indus- 
try, the  Crane  line  ot  valves,  tittings, 
fabricated  piping,  and  specialties 
have  played  an  important  part.  No 
matter  what  branch  ot  industry  you 
enter,  you  will  tind  Crane  materials 
playing  a  similarlv  important  part. 
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Fittings 


PIPING    MATERIALS   TO    CONVEY   AND   CONTROL   STEAM.  LIQUIDS.  OIL,   GAS.    CHEMICALS 

CRANE   CO   ,   GENERAL  OFFICES:  836S.  MICHIGAN   AVE.,  CHICAGO 

NEW   YORK  OFFICES:  23  W.   44TH   STREET 

Branclm  and  Sjla  Offices  m  T-ivo  Hundred  Oties 
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LINDE 

PROCESS   SERVICE 

Assures 

Dependable  Welds 


\  A  /HEN  American  industry  is  called  upon  for  welded  construction  or 
assembly  where  the  joint  must  be  dependably  strong  and  tight  it 
adopts  oxy-acetylene  welding  under  Linde  Procedure  Control. 

Linde  Procedure  Control  is  available  to  users  of  Linde  Oxygen  as  a 
part  of  Linde  Process  Service.  It  provides  design  assistance,  careful 
attention  to  selection  of  materials,  instruction  in  correct  welding  tech- 
nique and  all  other  essential  factors  of  good  welding  practice.  It  trans- 
lates methods  proved  from  a  fundamental  welding  background  into  the 
actual  needs  of  the  specific  welding  application.  It  permits  the  Linde 
organization  to  focus  upon  the  problems  of  one  user  of  Linde  Oxygen 
the  combined  experiences  of  thousands  and  the  day-by-day  discoveries 
of  a  large  research  staff. 

Several  valuable  and  interesting  technical  booklets  describing  the 
application  of  the  oxy-acetylene  process  of  welding  and  cutting  in  de- 
sign, construction  and  fabrication  are  available.  Tomorrow's  engineers 
will  be  expected  to  know  how  to  apply  this  modern  metal-working 
process.  Write  us  if  you  are  interested. 


THE  LINDE  AIR  PRODUCTS  COMPANY 

Unit  of  Union  Carbide  and  Carbon  Corporation 
1S6  Producing  Plants  jIN^  627  Warehouse  Slocl<l 

IN   CANADA,  DOMINION   OXYGEN   COMPANY,  LTD.,  TORONTO 


District  Offlc*! 
Atlanta  Denver  New  York 

Baltimore       Detroit  Philadelphia 

Birmingham   El  Paso  Pittsburgh 

Boston  Houston  St.  Louis 

BuKalo  Kansas  City    Salt  Lake  City 

Chicago         Los  Angeles  San  Francisco 
Cincinnati      Milwaukee      Seattle 
Cleveland      Minneapolis  Tulsa 

New  Orleans 
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DRIVE ! 

There's  no  thrill  in  all  golf, 
like  a  long,  straight, 
pcrcaming  drive  right  down 
the  middle  of  the  fairway. 
A  deep  satisfaction  surges 
through  your  soul  when 
you  have  made  such  a  shot 
and  will  linger  in  your 
memory  long  after  the 
game  is  over. 

Any  of  the 

Drivers  which  we  have  in 
Block  will  deliver  such 
shots  for  you. 

You  owe  it  to  yourself  to  come  in  the  store  today 
and  look  over  our  stock  of  MACGREGOR  Clubs.  There 
arc  certain  to  be  some  of  them  that  will  fit  your  style 
exactly. 

You  will  also  be  interested  in  many  of  our  other 
sporting  goods. 


{ Guaranteed    racquets 

by   Lee 

$3.00  to  $15.00 


Racquet   presses   and 

balls.     Re-stringin)^ 

$3.00  to  $9.00 
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CoxsTRUCTiox  Details 

Thesf  pictures  are  referred  in   in   the  article  on  the  jolUminii  page,  the   upper  left 

being  figure   1 .  upper  right  figure  2.  and  so  nn. 
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The  Skating  Rink  —  Newest  Addition 
to  the  IlHni  Campus 


AvilRI-W      Kl.KSKUSKI 


FOOTBALL  profits  of  the  past  have  not  only  paiil 
for  their  part  in  the  construction  of  a  number  of 
athletic  buildings  and  met  current  expenses,  but  ha\e 
also  realized  "(j"  Huff's  dream  of  the  new  building  oji 
the  corner  of  Armory  avenue  and  Fifth  street — the 
Skating  Rink.  The  entire  cost  of  this  building,  more 
than  $300,000,  will  be  paid  with  the  football  profits  of 
the  past  and  future,  contributing  to  the  campus  another 
attractive  and  useful  edifice. 

The  architects,  Holabird  and  Root  of  Chicago,  have 
used  a  modified  Cjeorgian  style  of  architecture,  similar  to 
the  Armory  and  other  buildings  on  the  campus  so  as  to 
create  a  stable  harmony.  The  walls  will  have  cornices 
and  trimmings  of  buff  Bedford  Indiana  limestone. 

The  main  building  enclosing  the  rink  will  ha\e  a 
frontage  of  208  feet  on  Fifth  street  and  141  feet  on 
Armory  a\enue,  while  to  the  west  on  Armory  avenue 
there  will  be  attached  a  service  biulding  55  feet  by  1()S 
feet.  Hand  ball  courts  will  be  provided  directly  in  the 
rear  of  the  service  building  and  on  the  outside  wall  of 
the  arena. 

The  general  contract  ran  close  to  $200,000,  and  was 
supervised  by  Joseph  A.  Hughes,  to  whom  credit  is  due 
for  much  of  the  information  in  this  article.  The  super- 
vision for  the  architect  was  in  the  hands  of  NLirtin  F. 
Carroll,  a.  c.  '28.  The  plumbing  cost  on  this  building 
is  about  ^.v^OOO  and  that  of  electrical  work  about 
$20,000. 

The  ground  was  broken  for  the  building  about  Feb- 
ruary 1  and  excavation  proceeded  iiiiniediately.  The 
general  excavation  volume  was  approximately  4500  yards, 
including  the  excavation  for  the  service  room,  the  arena 
floor,  and  the  tunnel  which  runs  around  the  entire  arena. 
The  first  ten  feet  was  black  dirt  on  top  of  yellow  clay 
which  ran  down  for  about  four  feet  to  integrate  into 
about  two  feet  of  silicious  clay  almost  jelly-like  in  its 
appearance,  at  the  bottom  of  which  lay  a  stratum  of  haiil, 
blue  gumbo  clay,  forming  into  a  hard  pan,  giving  the 
substance  a  good,  solid,  clean  base  of  high  bearing  power. 

The  characteristics  of  the  soil  did  not  alter  within  \\\c 
period  of  excavation  to  the  pouring  of  concrete,  as  the 
bottom  of  the  hole  remained  dry  owing  to  the  dry  winter 
and  exceptionallv'  fine  weather  during  the  month  nl  I'eb- 
ruary. 

The  excavation  was  all  done  fiom  the  top  with  a 
drag-line  bucket,  the  shovel  never  once  moving  into  the 
hole.  Of  course,  it  was  obvious  that  there  was  more  lost 
motion  and   less  speed  with  this  type  than  with  a  dipper 


bucket  excavator.  Forethought  and  conditions  of  the 
job  explain  the  use  of  this  machine.  The  service  room 
excavation  was  of  two  depths,  one  about  1 1  feet  below 
the  surface  for  the  locker  room  and  shower  rooms,  and 
the  other  down  about  15  feet  for  the  compressor  and 
machinery  room.  Therefore,  to  move  down  into  the  hole 
meant  that  the  shovel  could  not  reach  the  truck  from 
the   15-foot  depth   as  the  maximum   lift  is  about   15   feet 
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The   Steel  Skeleton 

from  the  bottom  of  the  hole  to  the  top  of  the  truck,  and 
necessary  cribbing  under  the  shovel  in  the  hole  vvoidd 
be  far  costlier  than  the  lost  time  accrued  through  the  use 
of  the  drag  line.  In  addition  to  this  some  700  feet  of 
()'x4'  trench  had  to  be  excavated  around  the  arena,  and 
thus  the  time  of  moving  another  machine  was  saved. 

The  haul  of  the  dirt  was  made  in  2'  j  ton  pneumatic- 
tired  trucks,  making  about  25  trips  a  day.  About  2,000 
yards  of  this  dirt  was  left  on  the  site  for  leveling  and 
backfill  on  the  foiuidation  walls.  The  rest  was  hauled 
to  the  proposed  new  baseball  field  on  First  street  anil 
(negor\-  drive.  The  excavator  was  extremely  fortunate 
in  finding  such  excellent  weather  in  the  month  of  Feb- 
ruary, elinu'nating  laying  plank  for  a  roadwav'  in  job  and 
dump.  The  soil  being  quite  stable  and  dr\,  very  little 
shoring  was  needed  for  the  protection  ot  the  adjacent 
Sigma  Pi  house.  The  excavation  for  the  arena  floor  was 
done  with  team  and  scraper  and  used  for  backfill  after 
the  steel  was  put  up.  All  drainage  of  the  sub-soil  was 
taken  care  of  on  the  outside  for  the  deep  part  and  on  the 
inside  under  the  floor  with   8"  tile. 

All  wall   footings  are  of  tlie  spread   type,  with    1:2:4 
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mix.  Crushed  stone  and  river  sand  were  uscii  :in  the 
coarse  and  fine  aggregate  respectively.  In  part  ot  tlic 
batches  the  water  was  added  by  volume,  and  in  others 
the  water-cement  ratio  was  used.  The  mixer  used  was 
of  Jj-yard  capacity,  gasoline  power  driven,  and  mounted 
on  a  3-toot  piattorm  oft  the  ground  and  its  axles  laid 
upon  timbers  to  keep  it  in  a  firm  position.  It  was 
charged  with  wheelbarrows  into  the  skip  and  discharged 
after  a  minute's  mix  into  concrete  buggies  which  carried 
the  concrete  to  the   forms,     (lood   puddling  and  spading 


Ftt/ure  7 

in  the  walls,  which  were  reinforced  with  ]/,  and  ^  inch 
steel  gave  them  a  fine  surface  finish  devoid  of  honey- 
combs. The  lumber  for  the  frames  was  all  new,  and 
therefore  needed  no  oiling.  The  forms  were  built  into 
panels  and  the  outside  wall  panel  set  to  lines  and  braced. 
Then  the  reinforcing  steel  was  set  up  and  wired  together 
at  intersections,  whereupon  the  inside  wall  panel  closed 
the  form  and  was  well  braced  with  4".\4"s.  The  forms 
were  tied  with  V^"  iron  rod  ties.  Figure  1  (frontis- 
piece), shows  the  construction  of  the  walls.  Fortunately, 
owing  to  the  perfect  weather,  no  anti-freeze  mixture  or 
protection  from  frost  was  needed,  other  than  a  bit  of 
straw  covering  for  the  exposed  top  of  the  wall.  Xo  ad- 
mixtures were  used  and  laboratory  tests  upon  a  number 
of  specimens  of  the  concrete  mix  showed  an  average 
strength  of  the  concrete  at  seven  days  to  be  1 400  pounds 
per  square  inch,  and  2300  pounds  at  28  days. 

The  tunnel  inside  wall  was  poured  with  double  bars 
left  extending  through  the  top  of  the  wall  as  a  provision 
for  tieing  the  sub-floors  of  the  arena  to  it.  Reinforced 
concrete   cantilever   slab   floor   is   built   over   the    tunnel 


separate  from  the  Hoor  of  the  arena.  (See  figure  2). 
Figure  3  shows  the  inside  of  the  tunnel  wall.  Figures 
4  and  S  show  the  wire  mesh  around  the  column  and  the 
reinforcing  steel  laid  in  the  form  for  the  cantilever  Hoor 
over  the  tunnel.  You  will  notice  that  the  reinforcing 
steel  is  evenly  spread  and  wired  at  each  intersection,  held 
up  by  steel  bents  to  give  proper  depth  between  the  steel 
and  the  surface  of  the  Hoor.  This  Hoor  was  supported 
b\  temporary  timber  columns  underneath  and  by  its  edge 
resting  upon  blocks  laid  on  the  inside  tunnel  wall.  The 
tunnel  Hoor  will  be  surfaced  with  a  wood  floor,  therefore 
clips  were  imbedded  in  the  surface  of  the  concrete  to 
hold  the  nailing  strips  in  place.  The  basement  Hoor  of 
the  service  building  (figure  7)  is  laid  down  upon  a 
well-tamped  cinder  base  reinforced  with  meshed  steel. 
.A  wood  Hoor  will  be  laid  upon  sleepers  in  the  concrete 
Hoor. 

The  first  Hoor  of  the  ser\ice  building  (figure  6)  is  of 
steel  pan  construction.  It  is  heavily  reinforced  with  ^" 
steel. 

The  floor  of  the  arena  or  the  rink  floor  is  built  in- 
dependently of  the  rest  of  the  building.  The  actual  ice 
area  of  this  floor  is  193'-3"xl23'-4"  which  can  be 
divided  into  three  rings  of  125'-4"x64'-2"  running  per- 
pendicular to  the  main  axis  of  the  building  or  one  regu- 
lation rink  of  185'x85'  providing  all  goals  and  judges' 
boxes.  Any  one  or  all  of  these  can  be  constructed  with 
ease  as  needed  on  comparatively  short  notice  as  barriers. 
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boxes,  and  goals  are  removable.  This  can  all  be  removed 
and  the  rink  turned  over  to  skaters  of  whom  about  1000 
can  be  accommodated.  On  the  west  side  of  the  arena  are 
two  snow  pits  (2 '-6"  deep)  provided  with  removable 
floors  and  steam  pipes  to  drain  the  snow  which  must  be 
swept  of?  from  time  to  time.  Figure  8  shows  a  cross- 
section  of  the  skating  floor.  Eighteen  inches  of  cinders 
are  laid  and  well  tamped  above  the  8"  tile  drain.  Upon 
(Conlinuiii  on  Page  IS) 
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Making  It  Gold  for  the  Skaters 
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THE  skatiiiij  link  tor  the  L'liiversitv  of  Illinois  will 
be  liy-iy/'  wide  by  193'-8y;"  long  with  IX'AV 
radius  corners.  This  gives  an  arena  of  about  24.()()() 
square  feet,  or  about  50%  more  than  the  rink  at  Ann 
Arbor.  Allowing  20  square  feet  per  skater  this  will  per- 
mit 1,200  skaters  on  the  ice  with  ease,  and  allowing  12 
feet  per  skater  a  maxinuim  of  2,000  persons  can  use  the 
floor  at  one  time. 

The  method  used  for  providing  refrigeration  is  called 
the  brine  system.  A  non-freezing  calcium  chloride  solu- 
tion is  cooled  by  the  operation  of  a  refrigerating  machine 
to  about  10°F  and  this  brine  is  circulated  through  piping 
laid  on  close  centers.  The  piping  is  accurately  leveled 
either  fastened  to  sleepers  and  partly  covered  with  sand 
or  embedded  in  concrete.  The  Illinois  rink  will  be  of 
the  latter  design,  using  the  so-called  Funk  system  and  a 
provision  for  expansion  every  six  feet,  with  brass  strips 
for  expansion  joints  which  will  run  parallel  to  the  piping. 
The  finished  concrete  floor  will  be  troweled  smooth  ainl 
le\el.  The  upper  finished  floor  containing  the  brine 
|iipes  will  be  3^  inches  thick,  and  will  rest  on  a  layer 
of  sand  which  in  turn  is  laid  on  concrete,  as  described 
in  another  article  in  this  issue. 

In  operation  the  upper  floor  will  be  chilled  by  circu- 
lating the  brine  at  about  10°F.  When  the  Boor  is  suf- 
ficiently cold  a  spray  of  water  will  be  directed  on  it  ami 
an  ice  thickness  will  be  built  up.  During  operation  the 
spray  will  need  to  be  used  daily  and  as  the  ice  thickness 
becomes  excessive  a  plow  will  shave  off  the  ice  and  the 
snow  will  be  removed.  An  ice  thickness  of  less  than  1 '  j 
inches  is  maintained  always. 

The  refrigerating  imits  are  two  lOxU)  twin  vertical 
single-acting,  enclosed  type  ammonia  compressors  direct 
connected  to  100  horse-power  2300-volt  three-phase  60- 
cycle  synchronous  motors  operating  at  300  r.p.ni. 
These  compressors  have  a  normal  capacity  of  about  75 
tons  of  refrigeration  each,  or  the  ability  to  absorb  15,000 
H.  t.  u.  per  minute  apiece.  University  water  will  be  used 
in  the  horizontal  multi-pass  shell  and  tube  ammonia  con- 
densers which  will  require  from  300  to  400  gallons  of 
water  per  minute  when  operating  at  full  capacity.  In 
these  condensers  the  compressed  ammonia  gas  from  the 
compressors  is  liquified  in  order  that  it  may  be  vaporized 
again  in  the  brine  cooler  during  the  absorption  of  hear 
from  the  brine. 

The  liquid  ammonia  is  fed  to  the  horizontal  shell  and 
tube  brine  cooler  by  means  of  a  float  valve  which  main- 
tains a  constant  level  of  liquid  at  the  evaporation  pressure 
of  about  20  pounds  per  square  inch,  at  which  boiling  of 
the  ammonia  takes  place.  The  brine  is  cooled  some  3  oi' 
4°F  and  leaves  the  brine  cooler  at  temperatures  from  12 
to  10°F.  For  circulation  of  the  brine  there  will  be  a 
600  and  a  900-gallon-per-minute  pump  direct  connected 
to  induction  motors  and  the  brine  flows  through  S-incli 
pipes  to  the  tunnel  on  the  west  side  of  the  arena,  where 
a  3-pipe  system  is  used  in  order  to  make  the  path  of  all 
brine  circuits  the  same,  and  therefore  the  resistance  to 
flow  equal   for  all  circuits. 

The  individual  pipes  in  the  floor  are  1'4  inch  steel 
pipe,  welded,  on  4j/  inch  centers,  and  the  hair-pin  coil 
is  used,  whereby  the  feed  passes  across  the  rink  ami  re- 
turns in  the  adjacent  pipe.  All  brine  circuits,  then,  con- 
sist of  a  passage  across  the  rink  and  a  return  in  the  pipe 


next  to  it.  There  will  be  some  ^  1  ">  pipes  vuider  the  floor 
or  over  1^  nules  of  pipe.  The  brine  on  its  return  to  the 
compressor  room  will  flow  into  a  brine  tank  S'-S'  and 
20  feet  long,  ami  this  additional  brine  contained  in  the 
tank  will  act  somewhat  as  a  reserxe  capacity  when  the 
peak  load  occurs. 

In  operation  the  ice  will  be  kept  at  a  point  where 
the  surface  is  about  32°F.  Under  these  conditions  the 
ice  is  not  brittle  ami  the  amount  of  snow  formed  becomes 
a  minimum.  'Phe  load  however  is  one  which  varies 
o\er  a  wide  range,  being  a  function  of  the  number  of 
persons  on  the  floor.  As  the  attemlance  will  \ary  greatly 
the  great  problem  will  be  to  anticipate  the  load  and  never 
get  a  wet  ice  surface.  The  skating  rink,  like  many  ap- 
lications  of  refrigeration,  is  a  simple  one,  but  the  load 
cannot  be  calculated  with  any  precision.  There  is  a 
certain  amount  of  doubt  as  to  what  load  will  be  imposed 
on  the  rink.     Howexcr,  the  Illinois  rink  will  be  operated 


r;»«/., 


innin   iiistdll/ilioii   similar  In   llial  Jisirilu'J 
hy  I'rof.  Miuinli,,- 


continuously  and  therefore  will  not  be  subjecteil  to  the 
difficulties  that  prevail  in  the  Chicago  Stadium  or  the 
New  York  Madison  Square  (lardeii  where  a  hockey 
game  may  be  on  one  night  and  an  auto  show  or  a  six-day 
bicycle  race  may  commence  the  next. 

The  ice-skating  rink  without  doubt  will  be  the  pop- 
ular winter  sport  of  the  future.  There  will  always  be  a 
glass-like  surface  of  ice  morning,  afternoon,  or  night, 
every  day.  The  ice  surface  will  be  the  same  whether  the 
outside  temperature  is  moderate  or  very  cold,  and  the  air 
temperature  insitle  the  rink  will  be  nominal  at  about  40 
near  the  ice,  and  (){)''¥  in  the  balcony  .seats. 
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The  Engineer  and  the  RaihT)ads 


K.    A.     li.ADI.in' 


IT  IS  ;il\\;i\s  :i  pii-asLiic  lor  iiu'  to  come  into  contact 
with  aiu  K'oi'P  cngajjfd  in  some  phase  of  cnjjincerinji. 
You  young  iihmi  who  arc  studyin";  the  tundanieiitals 
of  engineering  ha\-e  to  that  extent  already  begun  \our 
career  in  that  profession. 

It  is  the  genius  of  the  engineei-  that  has  made  possible 
many  of  the  almost  miraculous  things  we  see  about  us 
today;  that  has  made  possible  the  practical  application  of 
discoveries  in  the  field  of  pure  science  to  the  affairs  of 
every  day  life  and  has  to  a  large  extent  made  possible  the 
remarkable  advance  of  civilization. 

Railroads  are  the  very  backbone  of  our  national  eco- 
nomic structiu'e  and  must  continue  as  such,  for  without 
adequate  transportation  the  nation  will  cease  to  exist  and 
engineers  are  required  not  only  in  their  construction  but 
in  their  maintenance,  operation  and  management. 

Main  of  our  railroad  officials,  from  presidents  down 
to  minor  executives,  have  had  their  start  in  the  engineer- 
ing department.  With  the  present  day  problem  of  eco- 
nomical and  efficient  management  confronting  the  rail- 
roads to  a  greater  extent  than  ever  before  in  their  history, 
it  is  my  opinion  that  more  and  more  officials  for  the  op- 
erating and  managerial  branches  of  the  railroad  organi- 
zations will  be  drawn  from  the  engineers.  Any  young 
man  who  has  devoted  a  certain  number  of  years  to  the 
task  of  securing  an  education  along  engineering  lines  is 
ambitious  and  his  main  thought,  in  considering  employ- 
ment, is  of  his  future  advancement. 

There  is  plenty  of  room  at  the  top  for  really  com- 
petent engineers  in  the  railroad  organizations  of  today 
and  tomorrow. 

It  is  reported  that  James  H.  Eads,  who  designed  and 
constructed  the  beautiful  and  efficient  steel  arch  bridge 
over  the  Mississippi  River  at  St.  Louis,  could  not  run  a 
transit  and  some  people  thought  he  could  not,  therefore, 
be  very  much  of  an  engineer;  on  the  other  hand  one  of 
the  most  skillful  instrumentmen  I  ever  knew  is  still  oc- 
cupying that  same  position  after  some  twenty  years  of 
experience  and  at  a  salary  of  about  $150  per  month.  I 
mention  this  merely  to  indicate  to  you  my  conception 
that  engineering  is  not  simply  technical  education  and 
skill  but  must  be  supplemented  by  imagination  and  com- 
mon sense,  the  latter  in  large  quantities. 

Some  people  have  felt  that  the  training  of  an  en- 
gineer has  a  tendency  to  destroy  him  as  an  executive  but 
I  believe  that  training  of  this  nature  does  not  destroy 
any  native  quality  but  rather  lays  a  svibstantial  founda- 
tion for  future  growth  along  such  lines. 

Among  the  qualities  required  in  an  executive  are  a 
quick  intelligence,  sound  judgment,  energy,  a  strong  will 
and  above  all  a  great  moral  courage.  These  qualities  are 
greatly  aided  by  a  broad  general  knowledge  of  men  and 
affairs,  together  with  the  fundamental  principles  of  en- 
gineering and  business  methods. 

The  fundamental  principles  of  engineering  are  given 
to  you  in  your  school  life  and  must  be  kept  in  mind  as  the 
foundation  without  which  no  lasting  structure  can  be 
built.  The  knowledge  of  men  and  affairs  you  will  ac- 
quire as  you  progress  through  school  and  through  your 
after  life,  in  other  words,  "experience." 

Our  engineering  schools  are  not  trying  to  turn  out 
finished   transitmen  but  rather  to  lav  the  foundation   for 


leadeis  ;uul  executives,  ajul  it  once  in  a  while  they  turn 
out  an  executive  great  enough  to  be  presitlent  of  the 
Inited  States  they  have  not  failed  in  this  work. 

Planning  for  the  future  is  pre-eminently  the  function 
of  tlie  engineer  and  this  is  as  true  in  railroad  work  as  in 
any  other  lines  of  engineering  endeavor.  One  of  the  first 
things  leiiuired  in  any  investigation  is  to  secure  a  knowl- 
edge of  the  facts  in  the  situation  under  consideration  and 
then  having  found  the  facts  to  face  them.  If  fact-finding 
is  the  first  task  of  the  engineer  then  fact-facing  is 
certainly  his  first  duty. 

I  have  come  in  contact  with  some  men  in  my  ex- 
perience as  a  railroad  engineer  who  have  been  inclineil 
to  let  .sentiment  or  a  pre-conceived  idea  influence  their 
interpretation  of  the  facts  before  them  or  to  form  their 
opinion  and  judgment  based  on  an  alleged  of  incomplete 
set  of  facts  and  thus  endeavor  to  support  a  position  which 
may  be  entirely  erroneous.  Such  a  proceeding  is  fatal 
to  the  successful  handling  of  any  work,  particularly  to 
that  of  the  engineer.  The  attitude  of  the  engineer  to- 
ward truth  must  be  obvious.  If  he  ignores  or  defies  it  he 
fails,  as  will  the  physical  structures  which  he  attempts  to 
erect  on  insecure  foundations.  The  spread  of  scientific 
research  and  of  engineering  practice  is  nothing  more  or 
less  than  the  spread  of  the  truth. 

Railroad  engineering  in  our  day  covers  a  much  wider 
field  than  simply  the  running  of  lines  and  grades  for  new 
construction  and  the  design  and  erection  of  bridges  and 
other  structures.  It  goes  deep  into  the  signal  and  train 
control  systems  and  methods  for  the  safe  and  expeditious 
handling  of  traffic  over  the  line;  the  design  of  engine 
and  freight  terminals  for  the  economical  handling  of  en- 
gines and  cars,  and  ways  and  means  of  reducing  costs 
and  increasing  efficiency. 

Hundreds  of  miles  of  railroad  have  been  rebuilt  or 
relocated  to  reduce  grades  and  eliminate  curavature  or 
shorten  the  line,  at  costs  running  into  millions  of  dollars, 
based  upon  engineers'  studies  of  traffic  conditions  and 
their  recommendations  for  such  improvements. 

The  railroad  engineer  must  also  be  somewhat  of  an 
accoLuitant  so  that  he  can  properly  analyze  the  basic 
figures  from  which  he  is  to  draw  a  part  of  his  conclusions 
and  also  to  make  his  estimates  of  costs  and  of  savings 
in  such  manner  that  they  will  indicate  the  true  situation 
and  show  whether  or  not  the  work  under  construction  is 
economically  sound. 

The  ability  to  prepare  a  neat,  well  planned  report 
should  be  cidti\ated  by  the  \oung  railroad  engineer,  in 
which  he  sets  forth  logicallv,  clearly  and  concisely  the 
essential  parts  of  the  stud\-,  with  his  conclusions  and 
definite  recommendations. 

Such  a  report  is  appreciated  by  his  superior  officers 
,111(1  draws  favorable  attention  to  its  maker. 

(ireat  things  are  accomplished  only  through  co-opera- 
tion and  co-ordination  of  effort  and  that  means  "organi- 
zation." 

"Organization"  can  be  :i|i|ilied  to  the  iiuii\idual  as 
well  .as  to  masses  of  man  and  has,  I  consider,  been  ver\ 
well  summed  up  by  Sir  Henry  Thornton,  as  follows: 

"Nothing  so   makes    for   results   as   organization,    the 
IConlinued  on  Paije  21) 
•..\.l,irf«    l.efoie    student    cli:inti-r    iif    .A.    S,    f.    K. 
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The  Construction  of  an  Industrial 
Water  Softening  Tank 


Cask  M.  Ri  tledge  '31 
//  innir  firs/  pltuf  in  Sihtii'fcr  Essay  ('.anli 


THE  design  and  erection  of  a  single  reaction  tank 
large  enough  to  supply  all  the  softened  water  needed 
for  the  boilers  of  the  electric  plants  of  a  city  of  100,- 
000  popidation  ofiers  several  engineering  problems  not 
generally  encountered  in  ordinary  practice.  Such  a  tank 
was  built  last  summer,  1930,  for  the  Central  Illinois 
Light  compan\-  of  Peoria,  Illinois.  The  old  reaction 
tank  and  heater  had  become  inadequate,  and  a  new  tank 
of  400,000  pounds  per  hour  capacity,  based  on  a  two  and 
one-half  hour  settling  period,  was  installed.  In  order  to 
deliver  such  a  quantity,  the  tank  had  to  be  designed  to 
hold  over  1,000,009  pounds  of  water.  The  tank  was 
placed  on  the  edge  of  the  Illinois  river,  near  a  group  of 
buildings  belonging  to  the  company,  for  convenience  and 
ready  access  to  water.  Although  the  water  taken  from 
the  river  is  not  as  clean  as  city  water,  it  is  softer  and  the 
cost  is  nil. 

The  old  reaction  tank  and  heater  were  first  dis- 
mantled, and  all  materials  saved  that  could  be  used  on 
the  new  tank.  In  excavating  it  was  found  necessary 
to  move  two  blow-off  lines  and  a  14"  sewer.  Part  of 
the  buttresses  of  a  dike  wall  also  had  to  be  removed  to 
obtain  the  required  area. 

The  first  problem  to  be  overcome  was  the  necessity 
of  supporting  900  tons  on  a  space  30'-0"  in  diameter — 
675  square  feet.  To  accomplish  this  97  yellow  pine 
pressure  creosoted  retention  piles  were  driven  by  a  Xo. 
7  McKiernan-Terry  steam  driven  hammer.  The  piles 
coidd  be  dri\en  to  a  depth  of  15  to  20  feet,  where  the>' 
struck   rock  shale.     When  all  the  piles  had   been  driven. 


1  !,IIU,     I 

the  capacit)'  of  eacli   was  computed   b\    the  "Ijigineeii 
News  Formula  "   for  steam  driven  hanuners; 
L  =     2E 
s  +  0.1 
where,  L    is  the  capacity  in  pounds, 

/•, ,  the  energy  of  the  hammer, 
and  .f,   tlie  average  penetration  for  last  blows. 


The  average  capacity  of  the  piles  was  about  30  tons,  the 
maximum  being  32.1  tons  and  the  minimum  28.0  tons. 

All  piles  were  cut  at  elevation  36'-0",  and  the  forms 
were  prepared  for  pouring  the  concrete  footing.  The 
footing  was  a  circular  ring  two  feet  thick  and  six  feet 
wide,  the  average  diameter  of  which  was  31 '-6".  The 
reinforcing  steel  was  placed  on  top  of  the  piles  ami  the 
concrete  poured  into  the  forms. 


T/if  Compl.lrJ   Tank 

The  building  for  the  tank  was  circular  in  plan, 
2S'-b"  in  diameter  and  62'-()"  higli.  -At  elevation 
bl'-iy/'  a  10"  concrete  ring  was  poured  for  the  tank 
support  bearing.  The  entire  weight  of  the  tank  and 
equipment  is  tratismitted  to  the  building  and  the  footing 
at  this  point.  The  construction  of  the  tank  house  was 
discontinued  here  while  the  tank  and  heater  were  in- 
stalled. 

A  space  was  pro\ided  in  the  building  below  the  re- 
action tank  for  the  chemical  mixers,  meters,  and  pumps. 
A  room  was  also  provided  above  the  tank  around  the 
heater  for  automatic  and  maiuially  operated  valves.  The 
building  was  entirely  of  brick,  except  for  the  foundation 
walls  below  the  ground  surface  which  were  concrete. 
Figure  1  shows  the  forms  and  reinforcing  for  the  footing, 
and  figure  2  shows  a  section  of  the  tank  house. 

The  tank  itself  was  a  cylinder,  29'-0"  in  diameter, 
with  a  domical  top  and  an  inverted  45  cone  at  the  base. 
The  cylindrical  part  was  composed  of  four  circular 
(Continued  on  Page  14) 
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A  Senior  Soliloquizes 

Thoughts  during  the  home  stretch  of  college  life  are 
a  potpourri  of  retrospect  and  anticipation.  Perhaps  no 
single  event  in  our  life — not  even  excepting  the  trip  to 
the  j.  p.  with  the  gal  of  our  choice — will  ever  mean  such 
a  complete  change  in  our  mode  of  lixing,  as  that  un- 
comfortable day  when  we,  with  1499  others,  don  monkish 
robes  and  sweat  through  three  hours  of  boloney  and 
receive  the  magic  fleece. 

Ah,  that  diploma!  That  passport  to  freedom!  That 
end  and  all  of  four  years  of  living!  Once  again  we  can 
drive  wicked  autymobeels  without  fear  of  those  official- 
looking  letters  that  have  spelled  au  revoir  for  so  many  of 
our  pals.  Now  our  inferiority  complex  is  vanquished. 
Side  by  side  with  the  I.  C.  S.  boys  and  the  fif teen-mi nute- 
a-day  men  we  can  tell  our  bosses  just  what  is  the  matter 
with  their  business  and  build  up  salaries  by  leaps  and 
bounds.     Now  we  can — 

Hut  what  we  ii'i/l  do  is  to  shove  over  the  blue-rib- 
boned rolls  we  collected  from  high  school,  and  grammar 
school,  and  Sunday  school,  to  make  room  for  one  more, 
and  push  the  drawer  shut,  and  forget  it. 

A  department  head  remarked  the  other  day  that  an 
educational  institution  is  the  only  place  in  the  world 
where  they  gi\e  you  more  than  you  want  for  your  mone\'. 
And  we  are  inclined  to  agree  with  him.  There  is  such 
an  endless  amount  of  nothing  that  has  to  be  done  that — 
whether  it  is  done  or  not — we  leave  here  with  the  very 
decided  feeling  that  no  one  has  to  work  harder  than  a 
college  student.  And  although  we  may  face  the  future 
with  some  qualms,  thinking  of  the  possibility  of  a  sock 
in  the  jaw  if  the  foreman  doesn't  like  our  criticism,  and 
the  loss  of  our  job  if  we  don't  make  it,  we  can  at  least 
relax  along  toward  evening,  safe  in  the  knowledge  that 
the  boss  is  not  going  to  give  us  a  riddle  to  answer  in  ten 
minutes  when  we  reach  the  ofificc  at  eight  next  morning. 

And  evenings!  Mondays  and  Tuesdays  and  on 
tiirough  the  week,  without  ever  having  to  lock  ourselves 
in  a  16  by  20  den  with  a  tower  of  books  and  a  smoking 
sliderule.  Evenings  when  we  can  read — technical  liter- 
ature, magazines,  poetry,  or  what-have-you — evenings 
when  we  can  trot  out  to  the  pictures  or  go  dancing 
without  that  feeling  of  heavy-heavy-hangs-over-your-head 
that  makes  us  all  stoop-shouldered. 


A  frienil  saiil  yesterday  that  his  life's  vacation  would 
be  over  in  four  weeks.  Vacation  over?  We  think  it's 
just  beginning. 

Now  for  a  few  suggestions  for  minor  changes  in  the 
June  17  program:  Let  graduation  day  be  spent  in 
knickers,  and  let  us  find  our  diplomas  in  the  mail  box 
when  we  get  back  from  the  golf  comse.  Or  if  the  pro- 
prieties must  be  observed,  let  us  send  our  fre.shmen  over 
to  sit  in  our  places  while  we  gather  on  the  porch  for  a 
"Whoops,  my  dear,  it's  over!" 

So  long,  folks! 


And  More  Seriously — 

We  who  leave  the  engineering  school  this  spring  are 
carrying  with  us  something  more  than  pleasant  memories 
of  college  days.  In  four  years  there  has  been  bred  into 
the  heart  and  mind  of  each  of  us  the  knowledge  that  we 
have  received  the  best  that  is  to  be  had  in  engineering 
training. 

And  this  is  knowledge — not  vain  boasting  or  conceit. 
No  school  can  boast  more  starry  names  than  Illinois  can 
count  among  her  alumni.  No  school's  graduates  have 
made  her  name  more  unixersally  known  and  honored 
than  Illinois'.  To  no  school  do  so  many  manufacturers 
and  builders  look  for  the  last  word  in  engineering  re- 
search as  to  Illinois. 

We  are  proud  of  the  record  of  our  experiment 
station.  Scarcely  a  branch  of  engineering  but  has  felt 
the  effect  of  Illinois  research.  And  we  are  proud  of  the 
men  who  have  made  the  station  what  it  is — great  men 
like  Ketchum,  and  Talbot,  and  Williams,  and  Paine, 
and  Cross  and  Wilson,  and  a  score  of  others  no  less 
worthy  of  mention. 

And  we  are  proud  of  the  facult\,  whose  two  out- 
standing characteristics  were  so  picturesquely  described 
the  other  day  by  a  student — "They  know  their  stuff,  and 
they're  the  best  sports  I  ever  knew.  " 

In  leaving,  each  of  us  has  a  deep  appreciation  for 
all  that  has  been  done  for  him.  And  whether  or  not  we 
add  our  names  to  the  list  of  famous  Illini,  each  of  us 
leaves  with  the  feeling  that  his  four  years  here  has  made 
the  possibility  of  success  much  greater. 
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THE  TECHNOGRAPH 


To  the  New  Staff— 

Last  fall  we  st-t  out  to  do  certain  things.  We  were 
going  to  help  the  treshnian  in  his  task  of  orientation,  by 
describing  in  a  series  of  articles  the  work  of  the  varions 
departments  and  by  calling  to  his  attention  certain  im- 
portant features  of  the  University.  We  were  going  to 
provide,  for  the  advanced  student,  articles  on  the  re- 
search work  of  the  University  and  descriptions  of  current 
engineering  projects.  We  were  going  to  portray  in  our 
cover  designs  some  features  of  remarkable  engineering 
achievements  of  the  past.  We  were  going  to  gi\e  stu- 
dents an  opportunity  for  practice  in  technical  writing. 
We  were  going  to  provide  a  news  medium  for  the  use 
of  the  various  engineering  organizations  of  the  campus. 

We  have  at  least  grazed  most  of  these  targets,  but 
our  percentage  of  bullseyes  has  been  far  from  perfect. 

And  now  the  time  has  come  to  bequeath  our  t\pe- 
writer  and  pastepot  and — yes,  we  had  almost  forgotten ! 
— our  wastebasket,  to  our  duly  elected  successors.  And 
we  do  so  without  the  least  regret.  If  the  Technograph 
is  to  continue  to  make  a  place  for  itself  on  this  campus 
it  needs  new  ideas — new  men  who  can  see  further  and 
more  clearly  the  channels  in  which  it  can  serve — new 
ideas  in  typography  to  improve  its  appearance — new 
hands  to  guide  it  out  of  the  ruts. 

To  the  new  staff  we  say:  May  people  rush  forward 
with  subscriptions  next  year  as  they  did  (not)  this.  Ma\ 
profes.sors  and  students  pour  onto  your  desk  such  volumes 
of  manuscript  that  you  need  never  stir  from  your 
sanctum  in  quest  of  copy.  May  your  fertile  brains  con- 
ceive at  least  one  editorial  during  the  year  that  will  be 
worth  printing. 

And  to  our  readers:  We  hope  we  have  made  the 
Technograph  of  sufficient  interest  and  value  to  you  this 
year  that  you  will  want  to  be  among  our  subscribers 
again  next  fall. 


The  Engineer  in  Law  and  Finance 

Ralph  Street's  stories  of  the  problems  connected  witii 
financing  the  Osage  River  power  project  left  little  doubt 
in  the  minds  of  his  audience  last  Tuesday  that  an  en- 
gineer, in  addition  to  being  technician  and  economist, 
must  be  lawyer  and  diplomat  as  well. 

After  proving  the  "economic  soiuidncss"  of  a  scheme 
involving  large  sums  of  capital  the  engineer  interested  in 
promotion  can  seldom  go  to  the  bank  and  obtain  the 
necessary  money.  Far  oftener  the  financing  is  a  long, 
nerve-wracking  process  requiring  every  iota  of  tact  and 
business  acumen  he  possesses.  It  may  take  months  to 
find  the  proper  backing,  and  even  the  soundest  of  pro- 
jects may  fall  through  on  account  of  lack  of  push  at  this 
critical  period. 

Legal  entanglements  are  another  phase  of  even  small 
pieces  of  engineering  work  which  may  completely  destroy 
any  hope  of  successful  accomplishments  unless  they  are 
skillfully  handled.  A  hundred  conflicting  interests  must 
be  safeguarded,  a  hinuired  claims  satisfied,  all  at  the  ex- 
pense of  much  time  and  money. 

The  engineer  who  is  conversant  with  law,  then,  and 
with  the  principles  of  banking  and  finance,  has  wide 
fields  opened  to  him  which  a  purely  technically-trained 
man  could  scarcely  dare  to  venture  upon.  In  these  first 
few  post-college  years  particularly  a  close  following  of 
legal  decisions  and  finance  through  the  daily  press  ma\ 
be  of  untold  later  worth. 


The  Cover  Design — .4  Mayan  Palace 

So  imbueil  have  we  ever  been  with  the  importance  of 
European  history  and  art  that  we  have  not,  until  re- 
cently, realized  that  there  lies  buried  in  the  tropical 
jiuigles  of  Central  America  a  forgotten  cultural  civiliza- 
tion, worthy  of  the  highest  consideration. 

At  the  time  Imperial  Rome  was  dazzling  the  ancient 
world  by  the  brilliance  of  its  entertainments  and  the 
magnificence  of  its  architecture,  there  flourished  on  this 
side  of  the  Atlantic,  a  nation  with  an  architecture  .so  fine 
and  a  cixilization  so  brilliant  as  to  rival  even  Rome  in  its 
barbaric  splendor. 

This  people,  the  Mayas,  aptly  called  "The  Greeks 
of  the  \ew  World,"  inhabited  that  portion  of  Central 
America  now  known  as  Guatemala  and  Honduras.  Their 
important  cities,  Copan,  Tikal,  Quirigua,  Seibal,  and 
many  others,  flourished  at  the  beginning  of  the  Chris- 
tian era. 

The  architecture  of  the.se  cities,  with  their  great  civic 
center,  about  which  clustered  Temples,  Pyramids,  and 
Palaces  of  a  highly  developed  architecture  in  carefully 
cut  stone,  elaborately  ornamented  with  sculpture,  all  in 
brilliant  colors,  evinced  a  civilization  and  a  knowledge 
comparable  with  any  people  of  antiquity. 

The  typical  Mayan  construction  is  a  faced  concrete. 
Tlie  limestone,  which  abounds  in  nearly  all  parts  of  the 
Mayan  area,  was  burned  into  lime.  This  was  then  slaked 
to  make  mortar  and  applied  to  a  mass  of  broken  lime- 
stone. The  facing  stones  were  smoothed  on  the  outside 
and  left  rough  hewn  and  pointed  on  the  inside.  It  is 
likeh  that  these  facing  stones  were  held  in  place  between 
forms  and  the  lime  mortar,  and  rubble  filled  in  between. 
The  resulting  wall  was  essentially  monolithic. 

The  rooms  of  Mayan  buildings  are  characteristically 
vaulted  but  the  roof  is  not  a  true  arch  with  a  keystone. 
The  vault,  like  the  walls,  is  a  solid  mass  of  concrete  that 
grips  the  cut  stone  veneer ;  and  the  entire  vault  must 
have  been  held  in  place  by  a  false  work  form  while  it 
was  hardening.  Taking  the  single  rectangular  room  as 
the  unit  of  construction  the  width  was  limited  to  the 
span  of  the  vault,  which  seldom  exceeded  twelve  feet, 
while  the  length  w^as  indeterminate. 

The  Mayan  builders  gave  particular  attention  to  the 
question  of  stabilit\'  which  was  attained  directly  b\'  keep- 
ing the  center  of  gra\ity  of  the  principal  masses  within 
the  supporting  walls  ratiier  than  by  the  use  of  binding 
stones. 

•Mayan  buildings  are  of  two  principal  kinds.  One  is 
a  temple  pure  and  simple  and  the  other  has  been  called 
a  palace.  The  temple  is  a  rectangular  structure  crowned 
with  one  or  more  doorways  and  is  approached  by  a  broad 
stairuay.  The  pyramid  is  ordinarily  a  solid  mass  of 
rubble  and  earth  faced  with  cement  or  cut  stone  and 
rarely  contains  compartments.  Some  temples  have  but 
a  single  chamber  while  others  have  two  or  more  cham- 
bers, the  central  or  innermost  one  being  specially  de- 
veloped into  a  sanctuary.  The  so-called  palaces  arc 
clusters  of  rooms  on  low  and  often  irregular  platforms. 
The  origin  of  the  Ma\a  civilization,  like  man\-  other 
mooted  questions  is  still  a  matter  of  speculation.  Students 
of  Mayan  Archaeology  find  striking  similarity  in  Mayan 
art  and  that  of  the  Buddhist  East.  Perhaps  research  in 
the  future  may  prove  definitely  that  Buddhist  influences 
shaped  this  early  American  civilization.  The  V^iking  ad- 
ventures of  a  thousand  years  later  appear  less  intrepid 
after  a  bit  of  reflection  with  respect  to  the  probable  Maya 
colonizations. 
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I^lcclrical  l^iiiiinccriiij* 

l'i()tc%M)i>  Knight  and  Paiiic  attended 
ii>minittec  mcetinKs  of  the  CIrcat  Lakes 
division  of  the  National  electric  lijllit  as- 
sociation, held  at  Chicago,  April  9.  Fol- 
lowing the  meetings,  a  banquet  was  held 
for  them  at  the  Bal  Tahirn. 

Professors  Brown  and  Paine  attended 
a  meeting  of  the  advisory  committee  ol 
co-operative  investigations  of  testing  high 
voltage  cables,  April   18. 

The  department  recently  received  trnjo 
the  Hell  Telephone  company,  150  feet  ot 
•1-50  pairs  of  telephone  cables.  These  are 
to  be  hung  between  the  old  theoretical 
and  applie<l  mechanic  and  electrical  en- 
gineering laboratories  and  used  for  ex- 
perimental   purposes. 

Since  the  air  of  the  electric  engineer- 
ing laboratory  is  filled  with  high  fre- 
(iuenc>"  waves,  it  has  been  impossible  to 
perfo'rm  many  experiments.  By  means  of 
the  new  copper  lined  and  grounded  booth. 
\\  hich  has  just  been  made,  delicate  in- 
struments can  now  be  used  and  the  tests 
carried   on   more  accurately. 


12  meeting  of  the  A.  S.  C.  K.  lie  de- 
scribed legal  aspects  of  the  work  of  the 
engineer,  and  described  various  leatures 
of  the  Osage   project. 


Saturday,  April  18  a  group  of  electrical 
engineers  attended  a  joint  meeting  of  the 
A.  I.  E.  E.  at  Rose  Polytechnic  Institute, 
Terre  Haute,  Indiana.  Of  the  three 
schools  represented  (Purdue,  Illinois,  and 
Rose  Polytech),  Illinois  was  best  repre- 
sented \vith  about  si.xt>'  inen,  including 
several  members  of  the  faculty. 

An  illustrated  talk  on  railroad  electri- 
fication, welcome  addresses  by  Rose  stu- 
dents and  a  discussion  of  the  Dresser 
power  plant  comprised  the  morning  pro- 
gram. At  noon  a  banquet  was  served  at 
the  school  cafeteria,  after  which  the  en- 
gineers visited  the  large  Dresser  steam 
generating  plant  on  the  west  bank  of  the 
Wabash  river  south  of  Terre  Haute.  The 
meeting  was  completed  with  an  inspection 
of  the  Dresser  coal  mine,  a  large  modern 
electrified  mine  in  conjunction  with  the 
power  plant. 

These  annual  tri-school  meetings  have 
created  a  friendly  spirit  between  the  two 
large  schools  and  the  little  sister  Rose, 
whose  enrollment  is  only  three  hundred. 
The  first  meeting  was  held  at  Illinois  two 
years  ago  and  next  \ear  Illinois  will 
again  be  the  host,  probably  during  the 
electrical   show. 


Civil  Engineering 

Montgomery  B.  Case,  construction  en- 
gineer with  the  Port  of  New  ^'ork 
.Authority  and  an  alumnus  of  Illinois, 
spoke  to  the  student  chapter  of  the  A.  S. 
C.  E.  Thursday,  April  30  on  "Construc- 
tion Features  of  the  Hudson  River 
Bridge." 


Ralph  W.  Street,  legal  counsel  for  the 
I  nion  Power  and  Electric  company  dur- 
ing their  work  on  the  BagncU  dam  and 
power  plant,  was  the  speaker  at  the  Ma\ 


Mechanical  Engineering 

Prof.  W'illard  attended  a  meeting  ot 
the  Michigan  Chapter  of  the  .•\merican 
Society  of  Heating  and  \'entilating  En- 
gineers at  Detroit,  .April  20.  He  discussed 
■Recent  Research  in  Heating  and  \'entil- 
ating  at  the  Cniversitv  cd  Illinois"  be- 
fore the  chapter. 

Prof.  W'illard,  Prof.  Dratz  and  Mr. 
Konjo  attended  a  meeting  of  the  National 
Warm  .Air  Heating  .Association  held  in 
the  Deahler-Wallick  hotel  at  Columbus, 
Ohio,  .April  22,  23.  Thursday  A.  M.  they 
presented  a  discussion  on  "Recent  Re- 
search in  .Air  Heating  at  the  I'niversitv 
of   Illinois. 

R.  F.  Larson  has  prepared  a  paper  (Ui 
"The  Decomposition  of  Sodium  Carbonate 
in  Steam  Boilers."  This  paper  has  been 
accepted  for  publication  by  the  American 
Society  of  Mechanical  Engineers.  The 
I'jigineering  Experiment  Station  is  also 
planning  on   publishing  it  as  a  bulletin. 

Mr.  Paul  H.  Black  whn  has  been  an 
instructor  in  Mechanical  Engineering  at 
the  University  of  Illinois  since  1928  has 
received  his  Master  of  Science  degree 
from  the  University  of  Pittsburg.  His 
thesis  subject  was  "A  Teachable  Pre- 
sentation of  Fundamental  Principles  of 
\'elocity,  .Acceleration  and  Inertia  Forces 
of   Machines." 

Prof.  Willard  has  commented  as  fol- 
lows on  the  changes  in  radiators  in  hot 
ivater  and  steam  heating.  "For  the  last 
iO  years  the  conventional  types  of  cast 
iron  radiators  have  been  used.  Today 
radiators  made  of  copper,  brass,  alum- 
inum and  new  types  of  cast  iron  are 
being  developed.  Many  of  these  are  de- 
signed to  set  in  cabinets  or  enclosures. 
The  heating  capacity  of  these  new  t\pes 
has  been  a  great  problem  to  makers  and 
users. 

Ever  since  we  have  had  radiators  it 
has  been  considered  that  the  more  steam 
a  radiator  condensed,  the  better  the  radia- 
tor. Now,  as  a  result  of  University  of 
Illinois  research,  it  has  been  plainh 
shown  that  this  idea  is  erroneous.  What 
is  now  desired  is  a  radiator  that  will 
maintain  a  uniform  temperature  between 
floor  and  ceiling  with  a  comfortable 
temperature   at  chair   level. 

Most  striking  is  the  fact  that  the  radia- 
tor maintaining  a  small  temperature  dif- 
ferential between  floor  and  ceiling,  con- 
denses the  least  steam.  While  most  of  the 
old  types  of  radiators  gave  off  a  large 
part  of  their  heat  by  radiation,  the  new 
Ivpes  now  being  developed  give  off  most 
of  their  heat  bv  convection." 

Prof.  A.  P.'  Krart,  M.  K.  Fabrestock 
.iiul  E.  I..  Broderick  are  carr\ing  on  this 
investigation  under  the  direction  of  Prot. 
Willard. 


Engineering  Societies 

Keramos  held  a  formal  initiation  Wed- 
nesday, April  1,  at  the  Phi  (Jamma  Delta 
house.  The  following  men  were  initiated: 
I..  Mitchell,  graduate;  I.  11.  Thomas  '31; 
K.  D.  Adkins  '31;  S.  M.  Slater  '31;  R. 
W.  Slaughter  '32;  G.  K.  Lowe  '32;  C. 
T.  Moore  '32;  L.  A.  Trabert  '32;  H.  D. 
Frankcl  '2;  E.  C  Bourne  '32;  C.  Bru- 
ton  '32;  W.  Horak  '32;  H.  B.  Burton 
'32;  W.  A.  Deringer  '32;  R.  J.  Whitesell 
'33   and   F.  R.  Matson  '33. 


Sigma  Phi  Delta,  Professional-Social 
Engineering  Fraternity,  wishes  to  an- 
nounce that  it  is  very  anxious  to  offer  its 
Chapter  House  for  the  use  of  any  engi- 
neering society  or  organization  for  their 
meetings  or   functions.     Several   Engineer- 


Formal  initiation  into  Pi  Tau  Pi  Sigma, 
national  signal  corps  cadet  officers  fra- 
ternity, was  held  at  the  .Armory  for  14 
men.  Initiates  were:  R.  B.  Bean  '32,  R. 
E.  Wendahl  '34,  C.  E.  Pritz  '33,  R.  E. 
Stewart  '33,  C.  S.  Steele  '32,  E.  C.  Goo- 
rich  '32,  T.  T.  Lundberg  '32,  E.  M. 
Schaudt  '33,  M.  E.  Rada  '32,  A.  E. 
Loomis  '31,  R.  K.  Williams  '32,  C.  B. 
Ross  '33,  C.  P.  Wadlev  '34,  and  J.  M. 
Nash  '32. 

The  annual  formal  radio  dinner  dance 
was  held  at  the  Urbana-Lincoln  hotel 
.April  17.  This  novelty  dance  is  one  of 
the  high  lights  of  the  fraternity's  social 
functions. 


The  student  chapter  of  the  American 
Society  of  Mechanical  Engineers  elected 
the  following  officers  for  the  coming 
semester  at  a  meeting  held  March  25: 
President,  (5.  E.  Leutwiler  '32;  vice-presi- 
dent, P.  D.  Morgan  '32;  secretary,  C.  .A. 
Davis    '32;    treasurer,    .A.    C.    Hottes    '32. 


.At  a  recent  meeting  of  Pi  Tau  Sigma, 
honorary  Mechanical  Engineering  Fra- 
ternity, the  following  five  men  were  in- 
itiated: R.  J.  .Anen,  W.  H.  Dowell,  .A. 
C.  Hottes,  P.  D.  Morgan,  and  Keith  Rich. 
The  present  officers  are:  President,  R.  P. 
flonold ;  vice-president  ,C.  M.  Mac- 
kenzie; treasurer,  R.  H.  Newell;  record- 
ing secretary,  C.  .A.  Davis  ;  corresponding 
secretary,    F.    M.    Somers. 


T.  &  A.  M. 

Professor  J.  O.  Draffin  wrote  an  article 
for  "The  Military  Engineer"  for  March- 
-April,  1931.  The  title  of  his  article  is 
"Our  Knowledge  of  Stresses  in  Ma- 
terials." In  his  article  Professor  Draffin 
traces  the  development  of  our  knowledge 
of  mechanics  from  the  year  1638  to  the 
present    time. 

(Conlinuid   on   Paije  20) 
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The  crime  wave,  too, 
strikes^  a  breakwater 


»^v"'::-:s 


^ 


Police  Ra(li<»  is  "joiiiinf;  the  forre"  in  many  a  oily — acting  as  a  break- 


water in  checking  the  snrge  of  criminal  activity  .  .  .The  apparatus  the 


An  alarm!  Ilrad-      police  are  using  comes  »»ut  of  the  telephone  workshop.  It  is  logical  that 

quarters  radios  it 
to  cruisinf^  cars. 

Western  Electric  slioiild  make  the  e([uipnient,  drawing  on  a  fifty-vcar 

experience  as  manufacturer  of  telephones  for  the  Bell  System  .  .  •  Scrv- 

This  engineer's 
ing  this  vast  organization  is  a  huge  responsibility.  Carrying  it  out  means       "prerinct"   is    a 

laboratory. 

keeping  an  open  mind  on  new  methotis  of  manufacture,  new  sources  o£ 

supply,  new  channels  of  distribution.    1 1  means  welcoming  and  taking 

Caught  —  because 

the     radio    sand       ,-111  r  i         i  •■  •  ■       i 

precious  minutes.      1""   advantage  of  every   wortli-wlule   an!    that   modern   science   offers. 


Western  Electric 

Manujacturers  .  Purchasers  . .  Distributors 


SINCE     111:'     FOR 


TUE     BELL     SYSTEM 
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Study  Engineering 

In  Cool  Colorado 


r.,.l,.|,,Jn     SJlnol     of    Wuw       1       lo,  ,,|,,1     ,n     f;.ilJcn 

L-iy  luol  nl"  tlu-  Rnay  M-unl.uii~_  1[  i.  but  twelve 
miles  by  paved  road  to  the  capital  city  ol  Denver,  and  but 
an  hour's  drive  to  the  great  Continental  Divide,  with 
streams  and   forests  and  snow-capped   peaks  rising  to  the 

^^°  The  Summer  School  Engineers 

Basic  engineering  courses  in  Mathematics,  Chemistry, 
Physics,  English  and  Design;  Courses  in  Assaying,  Geol- 
ogy, Analytical  Mechanics,  Graphic  Statics,  Strength  of 
Materials,  Thermodynamics,  Physical  Chemistry,  and  Plane 
and  Mine  Surveying;  Preparatory  subjects,  for  students  de- 
ficient in  entrance  requirements.  Advanced  Algebra,  Solid 
Geometry,  Chemistry  and  Physics,  are  offered  at  the  Cola- 
rado  School  of  Mines  Summer   Session   from 

July  6  to  August  28,  I93I 

This  summer  session  is  given  especially  for  students 
who  wish  to  make  up  work  or  to  secure  additional  credits. 
All  work  is  conducted  by  the  regular  faculty  of  the  School 
of  Mines.  For  complete  description  of  class  room  courses, 
and  field  work  offered  in  the  summer  session,  write  to 
the  Registrar  for  "Quarterly  Group  L-2." 

Colorado  School  o£  Mines      ttitt^ko 

School  of  Mineral  Industries 


BAUSC 
C  LOMB 

PORPRECISIOH 


Only  the  highest 
degree  of  precision 
obtainable  permits 
the  mechanical  mar- 
vels that  industry 
takes  for  granted. 
The  Bausch  &C  Lomb 
Optical  Comparator, 
accurate  to  .00005 
inch,  provides  a  quick 
and  dependable  check 
on  virtually  infinites- 
imal dimensions. 


Water  Softening  Tank 

( ('.iiiiliiiuij  from    I'lii/i-   ') j 

rings,  (ily'z".  ly.  IV.  aiul  4S'j"  liigli  rcspt-ctivi-ly, 
each  coiiiposcti  of  ciglit  sections  and  niaiic  of  vx"  flat 
rolled  steel.  After  the  sections  were  put  in  |iiace,  the 
scams  were  btitt-welded. 

The  in\erted  4.T°  cone  at  the  bottom.  29'-U"  in 
diameter  and  8'-6"  deep,  fitted  onto  tile  cyhnder  at  its 
base,  the'etlge  of  the  cone  being  welded  to  the  first  ring 
of  the  cjlinder.     The  cone  came  in  si.xteen  .sections  and 


LAyouT  or  NficMe  mrep  sorrmee 
Fiijurc  2 

was  weldeil  after  being  placed  in  |iosition.  Due  to  .some 
miscalculations  the  cone  sections  did  not  close,  leaxing 
a  gap  about  one  inch  wide.  A  nairow  strip  was  inserted 
and  welded. 

Inside  of  the  tank  was  a  second  cylinder,  12'-0"  in 
diameter  at  the  bottom  and  8'-0"  in  diameter  at  the  top, 
supported  by  two  20"-I-65.4t1i  beams  butt-welded  to  the 
first  ring  of  the  outer  cylinder.  This  beam  support  also 
had  to  be  strong  enough  to  hold  a  twenty  ton  heater  that 
was  placed  on  top  of  the  inner  cylinder. 

A  considerable  amount  of  time  was  required  in  weld- 
ing all  the  .seams  and  joints,  more  than  had  been  an- 
ticipated. In  order  to  speed  up  the  work,  more  welders 
were  added  to  the  force  until  there  were  si.\  welders  and 
three  welding  machines,  the  weldens  working  alternate 
shifts  day  and  night.  The  welding  finally  caught  up 
with  the  other  construction,  and  the  job  was  soon  ready 
for  the  placing  of  the  heater. 

The  type  chosen  was  a  deaerating  heater,  made  by 
the  Elliott  Company,  of  Pittsburgh,  Pa.,  96"  in  diameter 
and  10'-9"  high.  A  series  of  pronged  trays  in  the 
heater  help  to  mix  the  raw  water,  steam,  and  chemicals, 
•ind  :it  the  same  time  remove  the  excess  oxygen  from  the 
;;r Mill.  Tlicie  were  50  trays,  each  weighing  200  pounds, 
a   total   ot    \\\v   tons.     The   heater   alone  weighed    fifteen 
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Putting  Ideas 
On  a  Practical  Basis 


THE  Dow  organic  laboratory  is  an  almost  indispensable 
part  of  the  Dow  plant,  as  it  is  here  that  most  organic 
processes  originate.  Here  equipment  is  developed  to  estab- 
lish a  practical  plant  process  before  building  production 
equipment.  Here,  too,  many  new  processes  are  created, 
and   improvements   made    in    old,   established   methods. 

In  this  laboratory,  some  40  men  are  engaged  in  putting 
ideas  on  a  practical  basis.  Every  facility  is  available,  and 
every  support  given  to  permit  the  development  of  indi- 
vidual   ideas.     Research    finds    plenty   of    support   at    Dow. 


THE        DOW       CHEMICAL       COMPANY,        MIDLAND,       MICHIGAN 
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tons.  The  lii'atcr  raised  the  temperatures  of  the  raw- 
water  to  213.3  1'.,  and  maintained  this  temperature  by 
means  of  a  constant  steam  pressure. 

It  was  a  rather  difificult  job  to  t;et  the  lieatei-  in 
pl.icc — raising  a  bulky  fifteen  ton  object  fifty  feet  into 
the  air.  Althoufih  a  stronger  crane  with  a  70  foot  boom 
was  borrowed  from  a  bridge  job  nearby,  the  operator 
could  not  booni  down  far  enough,  after  getting  tlie 
heater  into  the  air,  to  place  it  directly  on  the  base  pro- 
vided for  it.  Consequently  while  the  heater  hung  in  mid- 
air, ropes  were  fastened  arount  it  and  the  heater  was 
pulled  into  place  by  block  and  tackle.  The  fnc  tons  of 
trays  were  then  put  into  the  heater  singly. 

A  tew  da\s  later  one  of  the  men  noticed  that  tlie 
base  ring  of  the  outer  cylinder  had  been  pulled  up  about 
a  y^"  from  the  grouting.  Four  outstanding  reasons  were 
offered:  (1)  Dcfjection  of  the  20"  I  beams.  (2)  Pull- 
ing heater  into  place.  (.?)  Walking  and  pounding  on 
tank  after  heater  was  in  place.  (4)  Unequal  bearing 
while  placing  heater.  The  first  reason  offered  was  be- 
lieved to  be  correct  because  it  was  found  upon  further 
examination  that  the  lower  ring  was  distorted  where  the 
20"  I  beams  were  welded.  Since  there  was  no  damage 
done,  and  little  chance  of  any  trouble  in  the  future,  the 
distortion  was  disregarded  and  the  base  ring  re-grouted. 

The  steel  framing  for  the  heater  floor  above  the  tank 
was  next  assembled,  supported  by  angles  welded  to  the 
side  of  the  outer  cylinder. 

The  placing  of  the  heater  completed  the  erection  of 
the  tank  proper,  and  the  tank  must  then  be  tested.  It 
had  to  pass  two  tests:  (1)  Tank  must  be  subjected  to 
15tt)/  square  inch  air  pressure,  and  outside  seams  painted 
with  soap  suds.  (2)  Fill  with  water  and  add  lOtb  square 


inch  pressure  above  the  water.     I  nder  both  of  these  con- 
ditions the  tank  must  be  tight. 

During  the   first   test,  on   Septenihcr   .i.    l'',>0,  one  of 


j^l/iA/'    OF   CH£MJCAL    HOVSt'    UWCe   NICKAJ?  TMiT 
Figure  3 

the  seams  of  the  cone  split  for  a  length  of  two  feet. 
Several  leaks  in  the  welding  along  other  scams  and 
around   the  heater  gasket  were  also  found.     These  were 


At  your  Service 

in  the  world's  two  Largest  Hotels 
....   Carbondale  Refrigeration 


THE  ST.  GEORGE 

Brooklyn,  N.  Y. 


THE  STEVENS 

('liicago.  III. 


CONDITIONING    air;    freezing   ice;   cooling   drinking   water,    refrigerators   and    cold   storage 
1  ooms ;  freezing  ice  cream — such  is  the  service    rendered    by    Carbondale    at    the    Stevens,    the 
world's  largest  hotel.     And  now  at  the  St.  George,  the  largest  hotel  in  greater  New  York,  second 
only  to  the  Stevens,  Carbondale  Refrigeration  is  providing  comfort  for  the  thousands  of  guests. 

No  greater  testimonial  could  be  extended  to  Carbondale  than  the  selection  of  its  refrigerating  equip- 
ment for  these  leaders  in  the  hotel  field.  Architects,  engineers  and  owners  have  confidence  in  Carbon- 
dale equipment — confidence  that  is  based  on  performance  over  a  period  of  more  than  35  years,  in  e\ery 
business  and  industry  that  uses  refrigeration. 

The  assistance  of  our  engineering  department  is  freely  offered  in  helping  to  appi\'  the  most  efficient 
refrigerating  system  for  any  cooling,  freezing,  or  air  conditioning  need. 

/7)^    ('arhoiulali's    I'nlual    T'K-in    ('ylinJir     linmoiiia    Rrfrit/rralint/   %-f^ 
^-^   Mat/iiiii-s  an-  iisiJ  iil  llir  iicii-  Vnivcrsily  of  Illinois  Skalinij  Ritik   J^ 

THE  CARBONDALE  MACHINE  COMPANY 


(' urbandalc.  Pa. 


Branches  in  principal  citii 
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soon  rcpairi-il  and  rlu-  iu-\t  test  showi'il  all  to  hi-  satis- 
factory. 

Thf  tank  and  lu-ater  lia\  inj;  been  [ilacfd  and  tested, 
the  next  step  was  to  assemble  the  many  pipes  and  fittings, 
\arying  in  size  from  1"  to  16".  To  the  heater  had  to 
be  connected  a  12"  steam  main  from  the  boilers,  an  S" 
raw  water  line  from  the  river,  and  a  1"  line  from  the 
chemical  tanks.  A  6"  sludge  line  had  to  be  connected  to 
the  bottom  of  the  cone  by  means  of  a  16"xb"  reducing 
ell,  and  sludge  return  pipes  to  the  side  of  the  cone  for 
forcing  out  precipitated  matter.  A  10"  draw-off  line 
was  connected  to  the  side  of  the  tank  at  the  top  to  take 
off  the  treated  water  the  filters.  There  is  also  a  sight 
overflow  line  from  the  top  of  the  tank  to  the  sewer. 
The  working  space  available  was  rather  limited,  and  no 
small  amount  of  planning  was  necessary  to  get  all  the 
lines  connected  properly. 

The  top  of  the  tank  and  the  heater  were  then  covered 
with  2"  of  magnesium  block  for  insulation,  and  the  sides 
of  the  reaction  tank  covered  with  2"  of  hair-felt. 

The  process  employed  to  soften  the  water  was  the 
sodium  carbonate  chemical  treatment.  The  chemicals 
used  are  prepared  in  tanks  below  the  reaction  tank. 
Figure  3  shows  a  plan  of  the  chemical  house.  The  sodium 
carbonate  and  lesser  quantities  of  other  chemicals  are 
thoroughly  mixed  with  treated  water  and  pumped  up  to 
the  heater.  The  proportioning  apparatus  is  regulated 
\ery  accurately  to  deliver  the  exact  amount  of  chemicals 
needed  to  fully  treat  the  water.  The  quality  of  the  raw 
river  water  fluctuated  and  many  analyses  of  samples  and 
changes  of  the  proportioning  apparatus  were  necessary. 

After  the  raw  water,  steam,  and  chemicals  are  mixed 
in  the  heater,  the  whole  passes  down  through  the  inner 
cylinder  (figure  2),  becoming  thoroughly  mixed  in  doing 


POWER,   ELECTRICAL  AND   INDUSTRIAL  MACHINERY 


In  Many  Fields 

There  is  probably  no  other  manufacturing  plant  in 
the  world  producing  such  a  diversity  of  machinery  as 
Allis-Chalmers.  In  addition  to  building  steam  and 
hydraulic  turbine  generator  units  for  producing  elec- 
tric power,  transformers  and  switchgear  to  facilitate 
its  handling  and  motors  to  utilize  it,  Allis-Chalmers 
also  builds  machinery  for  all  of  the  basic  industries. 
It  is  on  even  bet  that  your  morning  cereal  and  the 
flour  in  your  bread  were  produced  with  Allis-Chalmers 
machinery.  The  same  is  true  of  the  lumber,  the 
cement,  the  crushed  stone,  mineral  products,  and 
many  other  materials  you  see  every  day. 

Products  of  Allis-Chalmers 

Power  Equipment,  Steam  and  Hydraulic  Turbines,  Steam, 
Gas  and  Oil  Ensines,  Condensers,  Centrifusal  Pumps, 
Pumping    Engines  —  Electrical  Machinery,  Motors, 
Generators,    Transformers,  Switchgear  -     Mining 
and  Metallurgical   Machinery:    Steam  and  Elec- 
trical   Hoists,    Timber   Preserving  Machinery; 
Crushing    and    Cement    Machinery;  Flour 
and  Saw  Mi  1 1  Machinery,  Texrope  Drives; 
farm,   Industrial  and  Crawler   Tractors; 
Agricultural  Machinery 
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DYNAMITE  CLEARS  THE  W  AY  FOR  MODERN 
ENGINEERING  \V  ONDERS 
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How  dii  Pont  Explosives 
helped  to  build  the 

LARGEST  EARTH  l»A>f 
IN  THE  WORLII 

THE  gigantic  barrier,  built  on  the  Saluda  River 
near  Columbia,  South  Carolina,  is  capable  of 
backing  up  750  billion  gallons  of  water  for  hydro- 
electric power.  Eleven  million  cubic  yards  of  earth 
were  poured  into  the  dam  to  make  this  possible. 

In  building  this  great  dam,  the  first  task  was  to 
construct  three  miles  of  railroad  to  the  site.  Next 
came  excavation  for  the  penstocks.  Thirty-three 
thousand  yards  of  rock  bad  to  be  removed.  Here, 
particularly,  explosives  proved  invaluable.  DuPont 
Explosives  were  on  the  job. 

This  is  but  one  of  hundreds  of  great  engineering 
marvels  that  are  made  possible  through  Dynamite. 
The  engineer  of  tomorrow  needs  to  know  all  there 
is  to  know  about  dynamite  .  .  .  the  tool  that  helps 
to  build  skyscrapers,  bridges,  dauis,  subways, 
tunnels,  roads  and  railroads. 

How  can  you  know  more  .  .  .  now  .  .  .  while  you're 
still  in  college?  Write  the  du  Pont  Company  for 
a  coi)y  of  The  Blasters^  Handbook.  This  book 
contains  a  wealth  of  information  about  explosives 
.  .  .  information  gathered  in  one  lumdred  an<l 
twenty-eight  years'  experience  in  making  and  im- 
proving explosives.  It  is  compact  .  .  .  handy. 
It  is  used  in  the  class-rooms  of  leading  technical 
institutions.  Thr  Blasters'  Ilandbuuk  is  awaiting 
your  request.    \\  rile  for  it. 


EXPLOSIVES 

K.l.m   l'0\TI)KNKM()rKS&CO..IN(:.,K.\,>lo9ivesDept..Wllminglon,Del. 
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so  and  allowing  thf  clu-micals  t 
heavy  matter  precipitated  b\  tin-  cheniicals  passes  into 
the  cone  at  the  bottom  and  is  pumped  out  throufili  tlic 
sludge  line.     The  treated  water  passes  around  the  lower 
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these  cinders  a  0"  concrete  lloor  is  laid  connecting  with 
the  inside  wall  of  the  tunnel.  Then  a  2"  layer  of  sand 
is  put  on  top  of  it  to  support  the  skating  Hoor.  The 
skating  floor  is  3^1."  in  thickness,  laid  in  thirty-two 
()'.\125'  sections  in  which  are  imbedded  about  15  miles 
of  1'4"  P'Pt".  l'ii<l  <"i  ■^lA"  centers,  through  which  the 
freezing  brine  flows.  The  mix  of  the  concrete  in  this 
top  slab  is  of  cement,  sand  and  steel  turnings  in  the  pro- 
portion of  1  '\y>'\y>;  the  steel  turnings  amount  to  about 
10  pounds  to  the  square  foot.  The  expansion  and  contrac- 
tion of  the  concrete  Hoor  due  to  the  freezing  mixture 
necessitated  the  design  of  the  floor  slabs  with  these  nar- 
row strips,  between  which  are  strips  of  brass  used  as 
expansion  joins.  This  coefficient  of  expansion  also  made 
it  necessary  to  use  a  floor  separate  from  the  rest  of  the 
building.  The  thin  surface  of  the  concrete  above  the 
pipe  (I'x")  will  not  hinder  the  freezing  of  the  water 
upon  its  surface  and  will  permit  the  use  of  the  building 
tor  other  purposes  in  the  early  fall  and  late  spring  and 
summer. 

The  balcony  will  consist  of  five  rows  of  wooden  seats 
along  the  full  length  and  on  either  side  of  the  arena. 
The  floor  will  be  of  concrete  with  iron  ship  treads  pro- 
vided on  the  steps  and  in  the  aisles.  A  colored  cement 
base  will  be  used  along  the  brick  walls.  The  balcony 
railing  will  be  of  concrete  with  pipe  railings.  The  seat- 
ing capacity  will  be  1200  persons  and  another  1200  can 
be  accommodated  by  using  temporary  stands  on  the  floor. 
The  inside  walls  will  be  of  unfinished  brick  and  the 
ceiling  w-ill  alternate  with  wood  and  celotex. 

The  service  building  contains  locker  rooms,  showers 
and  the  machinery  room.  The  machine  room  will  be 
equipped  with  two  compressors,  two  brine  pumps,  one 
vacuum  pump,  one  bilge  pump,  and  one  brine  cooler. 
The  brine  tank  will  be  placed  in  a  concrete-brick 
chamber.  The  inside  of  the  locker  rooms  will  be  finished 
with  tile. 

The  first  floor  of  the  service  building  will  contain 
the  check  room,  telephone  booths,  lunch  counters, 
kitchen,  women's  rest  room,  skaters'  benches,  and  direc- 
tors' room.  All  steam  and  electricity  will  be  furnished 
by  the  University,  the  steam  coming  from  the  power 
plant  and  connecting  with  its  network  at  the  east  end  of 
the  Armory. 

The  elevation  of  the  building  from  the  sidewalk  to 
the  roof  will  be  49'-2"  with  the  walls  laid  in  Flemish 
bond  of  Danville  red  brick  and  buff'  Indiana  sandstone, 
using  white  cement  for  mortar  bond.  The  landscape 
will  be  terraced  with  a  2'-8"  slope  up  to  the  building 
in  between  its  many  wide  stone  step  entrances. 

Illinois  will  be  the  only  Big  Ten  university  to  have 
such  an  elaborate  skating  rink.  Michigan  is  the  only 
other  Hig  Ten  uni\ersity  which  has  a  modern  rink  of  its 
own,  the  Wolverines  buying  an  old  building  and  fitting 
it  up.  Minnesota  rents  a  commercial  indoor  rink  for 
twenty-five  nights  during  the  winter  in  addition  to  out- 
door rinks. 

Intercollegiate  ice  hocke\'  ma\'  eventually  be  intro- 
duced but  the  primary  purpose  is  recreation  for  all  and 
varsity  hockey  will  never  be  permitted  to  usurp  the  rink. 
From  November  1  to  April  1  it  is  expected  to  be  busy 
most  of  the  day.  Skating  will  be  added  to  the  thirteen 
optional  activities  in  which  all  freshman  and  sophomores 
may  register  and  intramural  hockey  teams  will  be  or- 
ganized. A  small  fee  will  be  charged  for  pleasure  skat- 
ing to  assist  in  defraying  the  upkeep,  which  will  be  ap- 
proximately $10,000  a  year. 
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84-S 


STANDARD  BUILDING 
MIXERS 

Ceixbxii  TRixirtg.  Plcinis 


''RANSOME   is  the 

Mixer  for 

Central  Mixing   Plants'' 

Someone  is  pretty  sure  to  say  this 
when  big  operators  of  Centra! 
Mixing  Plants  meet  together. 

Ransome  was  the  first  to  put  out  a 
three  yard  size  and  repeat  orders 
are  proving  how  well  the  Ransome 
84-S  does  its  job. 

The  following  Central  Mixing 
Plants,  after  using  their  first  three- 
yard  Ransome  have  purchased  a 
second  Ransome- — 

READY  MIXED  CONCRETE  COMPANY 
Pittsburgh,  Pa. 

SUPER  CONCRETE  CORPORATION 

Washington,  D  C 

GEORGE  M.  BREWSTER  »•.  ^ON,  Inc. 

Bogota,  N.  J. 

N.  RYAN  COMPANY  Inc. 

Brooklyn,  N.  Y. 

GUARANTEED  CONCRETE  COMPANY 

St.  Paul,  Minn. 

Charles  5.  Warner  Company, 
Philadelphia,  Pa.  have  recently 
ordered  two  3-yard  Ransomes  for 
their  plants. 

Send  for  Bulletin  «I22  before  you  buy 
a  mixer  for  a  central  mixing  plant. 


Ransome  Concrete  Machinery  Company 

Dunellen  i850-Service  for  81  Years- I93I  ^ew  Jersey 
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Brains  for  Boilers 

A  few  years  ago  when  a  steam  power  plant  underwent 
a  heavy  load  demand,  grimy  firemen  would  work  feverishly 
to  keep  pace  with  the  cry  for  more  steam.  By  their  back 
breaking  labor,  six  men  could  bring  twelve  100  H.  P.  boilers 
from  bank  to  full  load  in  one  hour.  Coal  and  air  were  fed 
to  the  furnaces  with  little  regard  to  combustion  efficiency. 

In  modern  central  stations,the  conditions  are  vastlydifferent. 
The  huge  pulverized  fuel  fired  boilers  need  practically  no 
human  aid  when  equipped  with  Bailey  Automatic  Control. 
As  the  load  changes,  the  correct  speed  changes  are  made 
on  fans,  fuel  feeders  and  pulverizers.  A  3000  H.  P.  boiler 
can  be  brought  from  minimum  load  to  full  load  in  less  than 
10  minutes  time  when  necessary.  Most  important,  however, 
Bailey  Meter  Control  constantly  maintains  highest  com- 
bustion   efficiency  consistent  with    economical    operation. 

Modern  boilers  can  think  —  their  brains  are  the  Bailey 
Meter  Control  System. 

Write  for  Bullefin  No.  12 

BAILEY  METER  CO.  -  Cleveland,  Ohio 


Departniciit   Notes 

(CiintinuiJ   Imm    I'm/,-   12) 

riu-  Wall  iiivestiKatiiiii  i^  progressing  rapidly.  Twenty-six 
of  the  Lirgr  wall  panels  (6  feet  wide  and  10  feet  high)  and  20 
of  ihe  small  panels  (1  foot  1  inch  wide  and  4  feet  high)  have 
lieen  tested  in  the  new  3,000,000  pound  tnarhine.  A  total  of  71 
large  wall  panels  and  40  small  wall  panels  are  to  be  tested. 
The  concrete  blocks  have  been  mostly  manufactured  locally  but 
some  of  the  blocks  in  the  smaller  sizes  were  only  manufactured 
in  Dallas,  Texas,  and  Memphis,  Tennessee.  Some  of  the  special 
shaped  blocks  have  a  recessed  edge  to  allow  the  use  of  header 
courses  in  lying  a  brick  veneer  to  a  concrete  backing  wall. 
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The   Illinois  section  of  the   American   Water  Works  Associa- 

n   met   in   Hloomington   April   28   and   29.     Two   University  of 

iruiis  men   are  officers,  Prof.   F.nger  being  chairman   and  Prof. 

ilaud   being  secretary  of  the   section.      Four   Iniversity  of    Illi- 

is  men   presented   papers. 
Prof.   Habbitt — "Water  Softening  at  Bloomington." 
W.    D.    (ierbcr — "Sprinkler    Systems    for    Private    Fire   Protec- 

n    and    a    Method    for    Making    E(|uitable    Charge    for     the 

rvice. 
Or.   A.   M.  Buswell — "Effect  of   Bloomington   Surface   Supply 
Locomotive  Operation.     (Slimpses  of  World   Water  Works." 
Prof.   r.  W.   Ilottes  was  the   principal   speaker  at  the   annual 

n(|uet.      I  lis  subject  was  "Big  Trees  in   California." 


EXCINEI-RINO   RecEP1I0\ 

A  get-together  party  for  all  faculty  members  in  the  egineer- 
irig  school,  and  their  wives  and  sweethearts  was  held  in  the 
upper  parlors  of  the  Woman's  Building  Monday  evening,  April 
27  from  6:50  to  10:30  p.  m.  This  is  the  first  time  the  reception 
has  been  held  since  1929  because  of  Dean  Ketchum's  illness  last 
year.  A  really  enjoyable  time  was  had  by  those  in  attendance 
and  it  was  felt  by  all  that  the  reception  accomplished  its  pur- 
pose very  well.  The  surpose  is  to  give  the  faculty  members  an 
opportunity  to  become  better  ac(iuainted  with  each  other. 

After  a  delicious  dinner,  \vhich  was  prepared  by  the  Pres- 
byterian Church  Circle  of  I'rbana,  a  half  hour  was  devoted  to 
getting  ac<iuainted.  An  "all-engineering"  chorus  presented 
several  numbers  including,  "Sing,  Sing,  Bird  on  the  Wing,"  "To 
Vou,"  a  solo  by  Lawerence  Smith,  and  the  "Engineers  Barn- 
yard Song."  The  chorus  was  under  the  direction  of  Mrs.  C. 
Springer  and  was  accompanied  with  the  piano  by  Mrs.  F.  E. 
Richart.  Mrs.  T.  E.  O'Donnell  presented  two  songs,  "Ah,  Sweet 
Mystery  of  Life"  and  "One  Alone."  Mrs.  Crandell  accompanied 
Mrs.  O'Donnell   on  the  piano. 

After  the  musical  portion  of  the  entertainment  had  been 
finished  a  short  comedy,  "Rendezvous"  was  presented  by  the 
following  people:  Mr.  Scheuerman,  Mrs.  Casberg,  Mrs.  Tuthill, 
Mrs.  Keener,  Lawerence  Smith,  Mr.  Babbitt,  Mr.  Knight.  The 
play  was  presented  under  the  direction  of  Mr.  Crandell. 

The  entertainment  was  concluded  with  dancing,  the  music 
being   furnished   by   Sands'  orchestra. 


Ceramics 

Research  on  electrical  porcelain  is  being  carried  on  under 
the  direction  of  Prof.  Parmelee  and  through  the  aid  of  the 
I'tilities  Research  of  Chicago.  The  experimental  work  is  being 
conducted  by  A.  J.  Monack  with  the  assistance  of  L.  A.  Shard- 
low  and  D.  H.  Wamsley.  At  present  studies  are  being  made 
of  the  properties  of  cement  used  in  assembling  insulators  with 
particular  reference  to  volume  changes  resulting  from  tempera- 
ture and  moisture  absorption.  Prof.  J.  O.  Kraehenbuehl  of  the 
electrical  engineering  department  has  co-operated  in  the  study 
of  dielectric  strength  of  the  electrical   porcelains. 

Investigations  on  the  properties  of  the  spinels  will  soon  be 
completed.  Twelve  or  more  different  spinel  compounds  have 
been  synthesized,  and  at  least  two  of  these  had  not  been  previ- 
ouslv  reported.  These  iiiclude  aluminates,  chronites  and  ferrites 
of  various  oxides.  The  physical  properties  of  these  compounds, 
which  are  interesting  on  account  of  their  refractoriness  and  re- 
sistance to  chemical  action,  have  been  determined.  A.  E.  Badger 
is  conducting  the  investigation  under  the  supervisio[i  of  Proi. 
Parmelee. 

The  investigation  of  boiler  slag  refractories  and  the  action 
of  coal-ash  slags  has  been  completed  under  Prof.  R.  K.  Hursh, 
and  the  sponsorship  of  the  A.  S.  M.  E.  In  addition  to  obtain- 
ing the  relative  resistance  of  commercial  refractories  to  slag 
action,  series  of  special  fire  brick  were  tested  representing  the 
variations  in  method  of  manufacture.  The  coal-ash  slags  used 
in  the  investigation  represent  six  different  coal  districts  and 
have   varied    widely   in   composition    and    properties. 

Prof.  Parmelee,  head  of  the  department,  is  on  his  way  to 
I'.ngland  and  expects  to  be  there  about  the  middle  of  May.  He 
has  been   enjoying  the  sights   and   climate   in    Italy. 
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llie  Engineer  and  the  Railroads 

(Conliniiiit  frnm    I'lu/r   S} 

avoidance  of  confusion.  To  do  a  thing,  clear  rlie  mind, 
make  a  clean  cut  picture  of  the  thing  to  be  done;  build 
a  formula  that  will  fit  the  undertakini; ;  organize  voui 
effort ;  .shut  out  everything  else  and  turn  on  the  steam. 
Accomplishment  is  certain." 

It  has  been  my  observation  that  most  engineers  e.\- 
|iress  themselves  poorly  in  both  writing  and  speaking, 
more  particularly  in  speaking  when  attempting  to  address 
an  assemblage  of  any  size  or  to  speak  in  public. 

The  ability  to  express  one's  thoughts  in  clear,  con- 
cise language  is  one  which  should  be  cidtivated  and  par- 
ticidarU  the  ability  to  "think  on  \our  feet"  and  on  occa- 
sion to  speak  in  public  without  embarr.assment  to  your 
self  or  your  audience. 

To  sum  up  the  situation  as  1  see  it  from  my  position 
as  a  railroad  officer  I  would  say  that  youi-  engineering 
education  lays  the  foundation  for  >our  future  woik  and 
should  train  you  to  search  for  and  face  facts,  to  become 
clear  and  logical  thinkers  controlled  by  common  sense  in 
the  application  of  those  facts  to  human  endeavor  and 
lequirements. 

You  will  learn  exactness  of  metliod  and  acquire 
capacity  for  correct  analysis  and  xour  knowledge  thus 
seemed  should  develop  that  character  and  integrity  with- 
out which  all  other  education  is  lost. 


4-0N/> 


SINCE  1676 


The  College  of  Engineering  debate  team  lost  the  de- 
cision to  the  team  representing  the  College  of  Lducation, 
in  the  second  round  of  the  Intramural  contest  Tuesdav, 
.May   r 


STANDARD  BY  WHICH 

QUALITY  IS  JUDGED 

in  all  forms  of 

RUBBER  INSULATED  WIRE  and  CABLE 

VARNISHED  CAMBRIC  WIRE  andCABLE 

IMPREGNATED   PAPER  CABLE 

AND  TAPES 

manufactured  bj/ 

'<  THE  '^ 

:onite  Com 
miteCallender  Cabl 

■H    AVENUE,  NEW  YO| 


Gauging  . . . 

accuracy  is  the  watchword 

A  Jenkins  valve  is  machined  to  a  stand- 
ard of  accuracy  that  permits  complete 
interchangeability.  Continual,  systematic 
gauging  assures  perfect  fit  of  every  part. 
The  assembled  valve  is  a  strong,  leak-tight 
unit  that  gives  long-term  performance  .  .  . 
Jenkins  Valves  are  made  in  standard,  me- 
dium and  extra  heavy  patterns  for  practi- 
cally every  valve  requirement. 

Send  for  a  booklet  descriptive  of  Jenkins 
Valves  for  any  type  of  building  in  which 
you  may  be  interested.  Jenkins  Bros.,  80 
White  St.,  New  York...  52-i  Atlantic  Ave., 
Boston  ...  I  33  N.  7th  St.,  Philadelphia  . . . 
646  Washington  Boulevard,  Chicago  .  .  . 
1121  N.  San  Jacinto,  Houston. .  .Jenkins 
Bros.,  Ltd.,  Montreal  .  .  .  London. 


Systematic  gauging  governs  every  one 
of  the  many  machining  operations 
during  the  making  of  a  Jenkins  Valve. 
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A.  N.  TAi.nor,  c.c.  '81,  pnilcsMir-fiiieri 
tus  of  civil  enp;iiieeriiiK,  was  one  of  the 
recipients  of  the  honorary  deRree  of 
Doctor  of  I.aws  conferred  at  the  installa- 
tion of  Doctor  Marry  W'oodbnrn  (^hase 
as  president  of  the  I'liiversity  of  Illinois 
Mav  1,  1931.  Mli.o  S.  Khtciium,  c.e.  '9\ 
dean  of  the  College  of  EiiKineeriiig,  in 
presenting  Talliot   for  his  degree  said: 

"Arthur  N'ewell  Talliot,  is  a  native  son 
of  the  state  of  Illinois,  a  graduate  of  ihc 
fniversity  with  the  class  of  1881,  a  mein- 
l>cr  of  the  engineering  faculty  of  his  alma 
mater  since  188>,  and  a  civil  engineer  of 
international  reputation.  With  his  well- 
trained  mind  and  his  high  ideals,  he  has 
had  an  outstanding  intlucnce  in  develop- 
ing high  standards  of  engineering  educa- 
tion in  the  I'niversity  and  in  the  natiim. 
"He  was  a  pioneer  in  iiitroducing  lab- 
oratory instruction  in  engineering  ma- 
terials and  applied  mechanics  in  the  en- 
gineering curriculum  and  he  has  been  a 
leader  in  developing  engineering  re- 
search, both  in  universities  and  in  the  in- 
dustries. 

"The  first  bulletin  of  the  Engineering 
Experiment  station  was  written  by  Pro- 
fessor Talbot  and  it  was  followed  b> 
more  than  twenty-five  bulletins  on  rein- 
forced concrete,  hydraulics,  mechanics  of 
materials,  and  properties  of  materials, 
that  have  contributed  in  a  large  measure 
to  the  reputation  of  the  Engineering  Ex- 
periment station  and  have  given  Professor 
Talbot  a  national  and  international  repu- 
tation as  a  leader  in  engineering  re- 
search. 

"Professor  Talbot's  researches  on  rail- 
road track  and  reinforced  concrete  have 
resulted  in  great  savings  to  the  railroads 
and  to  other  industries  and  have  con- 
tributed greatlv  to  the  saving  of  life  and 
to  the  betterment  of  mankind.  In  addition 
to  his  rniversity  duties.  Professor  Talbot 
has  carried  on  an  active  engineering 
practice  and  has  maintained  a  close  con- 
tact with  engineers  and  engineirlng 
societies. 

"One  of  his  early  achievements  was  the 
invention  and  development  of  the  septic 
tank  for  the  treatment  of  sewage.  Pro- 
fessor Talbot  has  served  as  consulting  en- 
gineer on  many  important  commissions, 
the  most  important  of  which  were  the 
San  Francisco  bridge  committee  and  the 
(lalveston    Causeway. 

"Professor  'Talbot's  accomplishments 
have  brought  him  many  honors,  including 
election  as  president  of  the  American 
Society  of  Civil  Engineers,  the  American 
Society  for  'Testing  Materials,  and  the 
Society  for  the  Promotion  of  Engineering 
Education.  He  has  been  made  an  honor- 
ary member  of  a  long  list  of  engineering 
societies  which  includes  the  .American 
Society  of  Civil  Engineers,  the  .American 
Society  for  Testing  Materials,  and  the 
.American  Water  Works  association. 

"He  has  been  the  recipient  of  many 
distinguished    awards   and   medals,    in   en- 


gineering, including  the  Turner  medal 
for  his  investigations  in  reinforced  con- 
crete, the  Franklin  institute  medal  for  his 
investigations  for  the  stresses  in  railroad 
track,  and  the  Washington  award  for  his 
contribution  to  engineering  education  and 
to  the   welfare  of  mankind. 

"Professor  Talbot  was  given  the  honor- 
ary degree  of  doctor  of  science  by  the 
I'niversity  of  Pennsylvania  in  1915  and 
ihe  honorary  degree  of  engineering  by  (he 
I  niversity  of   Michigan   in    1916. 

'.Arthur  Newell  'Talbot,  civil  engi- 
neer, teacher,  research  investigator,  author, 
a  man  of  vision,  a  man  of  high  ideals, 
beloved  by  all  who  have  known  him,  and 
a  friend  of  mankind,  the  1'nivest.ity 
senate  presents  for  the  honorary  degree, 
doctor   of    laws." 


.A.  N.    T.M.ROi' 

MoMnoMERV  B.  Cask,  c.e.  '06,  con- 
struction engineer  for  the  Port  of  New 
York  Authority,  addressed  the  members 
of  the  student  chapter  of  the  .American 
Society  of  Civil  Engineers  at  their  meet- 
ing on  .April  30.  His  lecture  had  for  its 
title,  "The  Hudson  River  Bridge."  Case 
is  one  of  the  outstanding  bridge  and 
lunnel  construction  men  in  the  countrv, 
having  charge  of  all  such  work  in  the 
slate    of    New    N'ork. 


D.  Lksi.ie  Chanev,  c.e.  '24,  is  with  the 
Missouri  Portland  Cement  company  at 
St.  Louis,  Missouri.  He  also  teaches  me- 
chanical drawing  at  the  Roosevelt  high 
school   night  school. 


John-  Donaldson',  c.e.  '16,  is  a  contract- 
ing engineer  with  the  Chicago  Bridge  and 
Iron  works,  and  is  located  in  Houston, 
Texas. 


CiiARi.j-S  II.  Nicoi.Ki,  C.e.  '81,  has  since 
his  retirement  three  years  ago,  been 
located  in  I.aSalle,  Illinois.  He  had  at 
that  time  completed  thirty  years'  work 
with  the  Matthiessen  and  Hegelar  Zinc 
company.  Previous  work  had  included 
engagements  with  the  .A.  T.  and  S.  F., 
Illinois  Central,  Union  Pacific,  Fort 
Worth  and  Rio  Clrande,  Malad  Valley 
and  Northern  railroads,  and  the  Hear 
River  Canal  company.  He  had  also  been 
city  engineer  of  I.aSalle. 


EnwiN  Boi.i,ER,arch.  '84,  who  has  served 
as  an  engineer  in  the  war  department,  has 
now  retired.  His  work  as  a  government 
architect  has  taken  him  to  the  orient  and 
to  the  large  cities  of  this  country,  the  last 
fifteen  years  being  spent   in   Philadelphia. 


Oeorck  E.  Row,  m.c.  '96,  is  structural 
engineer  for  the  Paxton  and  \'eirling 
Iron   works,   Omaha,   Nebraska. 


Richard  B.  Ketchum,  c.e.  '96,  is  dean 
of  the  School  of  Mines  at  the  University 
of   t'tah,   Salt  Lake  Citv. 


A.  W.  Mii.i.AR,  m.e.  '97,  is  assistant 
dean  of  the  college  of  mechanics  and  en- 
gineering at  the   University  of  Wisconsin. 


Theodore  Kisiner,  arch.  '97,  of  Los 
.Angeles,  is  one  of  the  leading  school 
architects  in  the  country.  He  has  been 
asked  by  the  United  States  commissioner 
of  education  to  visit  various  cities  and  to 
inspect  school  buildings  and  to  help  make 
a  national  survey.  He  recently  attended 
the  first  meeting  of  the  commission  in  con- 
nection  with  the   N.   E.   A.  convention. 


.A.  \\'.  .Aii.ts,  c.e.  '04,  is  working  in 
the  firm  of  W.  M.  .Allen  Son  and  Com- 
pany on  the  construction  of  the  new  addi- 
tion to  the  First  National  Bank  building 
in  Peoria.  B.  L.  Hui.sers  '02,  R.  j. 
HorcHiss  '97,  and  Mark  fl.  Whimever 
'99,  are  architects  who  will  design  the 
new   ten-storv   addition. 


Doioi.AS  Graham,  e.e.  '06,  is  president 
and  treasurer  of  the  Red-War  Battery 
company,  Dayton,  Ohio.  He  was  former- 
h  vice-president  and  treasurer  of  the 
Day-Fan  Electric  company,  now  the 
(leneral    Motors    Electric    corporation. 


Samiei.  H.  Websier,  c.e.  '06,  is  pro- 
fessor of  civil  engineering  at  Rhode 
Island  State  college,  Kingston,  Rhode 
Island. 


C.  C.  Wn  I.IAMS,  c.e.  '07,  is  dean  of  the 
College  of  Engineering  at  the  University 
of  Iowa. 


Ira  L.  Rush,  arch.  '15,  has  offices  in 
both  Minot  and  Bismark,  North  Dakota. 
He  is  working  on  the  plans  for  a  new 
ccnirthouse  for  the  latter  city. 
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STOCKHAKfriTTINCS 

for  straight  Itnes^and  strength 


WM.  II.  STOCKIIAM,  -B,-)  .  .  .  Kounilc 
MRS.  KATE  F.  STOCKIIAM,  -R.-,.  I)ir<-<ti 
II.  C.  STOCKIIAM,  ex  -09  .  .  Prrxidrr 
I).  W.  .STOCKHAM,  -21  .  Vice-I>rc»idon 
K.J.  STOCKIIAM.  ex  26  .  .  Se.  r.-l,.r 
<;.  PETESCII.  ex  '19  ....  A>.»iK|iin 
General  Manatier  of  Sale 


The  Stockham  superlative  quality  staud- 
ard  has  placed  a  new  measure  upon 
pipe  fitting  requirements.  No  longer  will 
"any  make"  of  fittings  do  for  the  man 
who  takes  pride  in  his  work  and  has  no 
time  to  waste.  Today,  Stockham  Accu- 
racy, that  makes  it  easy  to  build  straight 
lines  with  tight  joints,  is  the  measure  of 
true  value.  Be  sure  the  name  Stockham 
is  on  the  fittings  you  buy,  for  then  you 
may  be  certain  of  the  dependability 
that  you  have  a  right  to  demand  in  the 
materials  you  use. 

STOCKHAM  PIPE   &  FITTINGS   CO. 

li'trmin^ham .  Alabama 

Slocks  in  Boston.  Vric  York.  Chirago,  Houston, 
Los  Angeles 
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KOEHRING  AUTOCYCLE   PAVER 


A  PIONEER  and  a  leader  among  pavers,  the 
Koehring  leads  in  basic  developments— the 
latest  of  which  is  the  Koehring  autocycle. 
Just  as  Koehring  developed  the  boom  and 
bucket,  batchmeter,  and  the  five  action  re- 
mixing principle— Koehring  developed  the  auto- 
cycle, a  principle  for  automatically  controlling 
the  cycle  of  charging,  mixing  and  discharging, 
creating  entirely  new  standards  of  efficiency  in 
paver  operation. 

The  Koehring  autocycle  is  a  means  of  providing 
a  fast,  exact  automatic  sequence  of  batchmeter- 
timed  operations.  It  makes  the  most  of  every 
mmute  and  provides  an  ample  factor  of  safety. 
Time  is  saved  at  both  ends  of  the  cycle,  in  charg- 
ing the  materials  and  in  discharging  and  placing 
the  concrete,  resulting  in  increased  output  per 
day. 

The  concrete  roadbuilding  industry  has  experi- 
enced the  importance  of  this  principle— the 
Koehring  autocycle  of  charging,  mixing,  dis- 
charging. The  industry  knows  the  Koehring  is 
more  than  merely  a  paver— that  it  is  a  plus 
service  rendered,  that  it  sets  the  pace  on  a  con- 
crete paving  project,  that  it  produces  standard- 
ised dominant  strength  concrete  of  unvarying 
uniformity! 


KOEHRING 

Pavers,   Mixers;   Power  Shovels, 

Pull  Shovels,  Cranes,  Draglines; 

Dumptors. 

INSLEY 

Excavators;   Concrete   Placing 

Equipment;  Cars,  Buckets, 

Derricks. 

T.  L.  SMITH 

Tilting  and  Non-tilting  Mixers, 

Pavers,  Weigh-Mix. 

PARSONS 

Trenchers,  Backfillers. 

C.  H.  &  E. 

Portable    Saw    Rigs,    Pumps, 

Hoists,  Material  Elevators, 

Ditchers. 

KWIKMIX 

Mixers  —  Concrete,  Piaster  and 

Mortar. 

N.  E.  C.  Mud-Jack 


National  Equipment 
Corporation 


N.  30th  St  &  W  Concordia  Ave. 
Milwaukee,  Wisconsin 


Where  college  days  end, 
Opportunity  begins 

Student  engineers  who  graduate  this  year  will  soon  be 
called  upon  to  use  their  knowledge  for  the  benefit  of  In- 
dustry, either  in  the  designing  of  machinery  or  in  select- 
ing equipment  to  meet  advanced  production  demands. 

No  matter  which  of  these  responsibilities  may  ultimately 
become  yours,  you  will  find  in  Timken  Bearings  one  of 
your  most  powerful  weapons  with  which  to  fight  fric- 
tion; power  and  lubricant  wastage;  inefficient  operation; 
excessive  maintenance  expense  and  rapid  depreciation. 

Whatever  you  require  anti-friction  bearings  to  do, 
Timkens  will  do  with  utmost  effectiveness. 

Because  of  Timken  tapered  construction,  Timken  posi- 
tively aligned  rolls  and  Timken-made  steel,  they  carry 
all  types  of  loads — all  radial,  all  thrust  or  both  together 
in  any  combination. 

Industry  has  signified  its  approval  of  Timken  Bearings 
by  selecting  them  for  its  toughest  jobs  in  all  types  of 
machinery.    The  Timken  Roller  Bearing  Co.,  Canton,  O. 
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56,250-kv-a.  hydroelectric  gen- 
erator now  being  installed  at 
the  Ariel  Plant  of  the  North- 
west Electric  Coi7ipany,  on 
"test"  hefore  being  shippn! 
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One  Power  Giant 
for  a  Million  Lamps 


JOIN  US  IN  THE  GENERAL 
ELECTRIC  PROGRAM,  BROAD- 
CAST EVERY  SATURDAY  EVE- 
NING ON  A  NATION-WIDE 
N.B.C.  NETWORK 


A'V'T'HEN  the  waters  of  the  great  Northwest  turn  the 
^^  wheels  of  this  vast  machine  —  and  at  only  two  rev- 
olutions per  second  —  enough  energy  will  be  furnished  to 
light  a  million  lamps.  The  huge  56,250-kv-a.  hydroelectric 
generator  is  37  feet  in  diameter  and  weighs  440  tons. 
After  being  set  up,  this  generator  was  balanced,  tested  for 
losses  and  overspeed,  and  was  adjusted  —  all  by  recruit  engi- 
neering graduates,  supervised  by  experienced  "Heads  of 
Test." 

Each  year  many  college  men  discard  their  caps  and  gowns 
for  the  experience  to  be  gained  by  actual  test  of  major 
G-E  apparatus  in  the  different  factories.  Having  completed 
this  postgraduate  course,  which  helps  fit  them  for  future 
responsible  positions,  these  men  will  be  largely  intrusted 
with  the  research,  design,  planning,  supervision  of  con- 
struction, and  sale  of  this  equipment. 


GENERAL  •  ELECTRIC 


G     F,     N     E    R    A     L  ELECTRIC  COMPANY, 


C    H     K    N     E    C    T    A    D    Y    ,  N     E    W  YORK 


